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I INTRODUCTION 

In this volume, we present a selected set of papers on, and/or in support of, anomalous mental phenom

ena. No section could possibly be complete; however, we have chosen papers that are representative of 

their particular sections. The sections, which are separated by blue sheets, are as follows: 

Section Numb~I of fap~Is 

I Introduction 

II Meta-analyses of Anomalous Mental Phenomena 8 

III Main-stream Publications 7 

IV Anoma1ous-mental-phenomena Journal Publications 6 

V Magnetoencephalography 3 

VI Physics 6 
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II META-ANALYSES OF ANOMALOUS MENTAL 
PHENOMENA 

As in all behavioral sciences, replication of experiments in anomalous mental phenomena (AMP) is 

critical before any putative effects can be verified as part of nature. Because of the complex nature of 

most behavioral experiments, drawing conclusions from a body of similar experiments has been prob

lematical. Meta-analysis, however, is a relatively new statistical approach that has been specifically de

signed to address the particular difficulties inherent in the behavioral sciences. 

The papers in this section have been selected because they represent all such analyses of a substantial 

portion of the published AMP literature to date. Through replication and meta-analysis, the general 

scientific community will have tools with which to judge the claims of the AMP literature. 

The number that appears in the upper right-hand corner of the first page for each publication is keyed 

to the following descriptions: 

1. Utts, J., "Successful Replication Versus Statistical Significance," Journal of Parapsychology, Vol. 
52, pp. 305-320, (December, 1988). By defining, in statistical terms, the meaning of replication 
for few-o effects, Utts, a Professor of Statistics from the University of California at Davis, sets the 
statistical basis for meta-analysis. 

2. Honorton, C., "Error Some Place!" Journal of Communication, pp. 103-116, (Winter, 1975). This 
paper predates the development of formal meta-analysis, but Honorton provides a critical review 
of all the ESP card-guessing experiments from 1934 to 1939. The paper includes a description of 
the claims and counter-claims surrounding the controversy of the day. 

3. Honorton, C. and Ferrari, D. C., "'Future telling:' A meta-Analysis of Forced-Chaise Precognition 
Experiments, 1935-1987," Journal of Parapsychology, Vol. 53, pp. 282-308, (December, 1989). 
Using the full complement of meta-analytical tools, Honorton provides a critical review of all the 
ESP experiments during which the target material (i.e., usually ESP cards) is generated after the 
guess has been recorded. 

4. Honorton, C., Berger, R. E., Varvoglis, M. P., Quant, M., Derr, P., Schechter, E., I., and Ferrari, D. 
C., "Psi Communication in the Ganzfeld," Journal of Parapsychology, Vol. 54, pp. 99-137, (June, 
1990). This paper provides a meta-analysis of Ganzfeld experiments (i.e., a form of anomalous 
cognition). The database is comprised of 11 series for a total of 355 individual trials. 

5. Radin, D. I. and Nelson, R. D., "Evidence for Consciousness-Relate_d Anomalies in Random 
Physical Systems," Foundations of Physics, Vol. 19, No. 12, pp. 1499-1514, (December, 1989). 
Radin and Nelson analyze over 800 experiments that claim evidence for mental human-machine 
interactions (i.e., anomalous perturbation). After a careful analysis, which includes accounting 
for experiment flaws, they conclude that there is substantial statistical evidence to support the 
claim. 

6. Honorton, C., Ferrari, D. C., and Bern, D. J., "Extraversion and ESP Performance: Meta-Analysis 
and a New Confirmation," Proceedings of the Parapsychological Association 33rd Annual 
Convention, Chevy Chase, MD, (August, 1990). In an important link to traditional psychological 
experimentation, this paper provides a meta-analysis for the correlation of ESP performance and 
a traditional personality variable, extraversion. 
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7. Rosenthal, R., "Meta-Analytic Procedures and the Nature of Rep!icaltion: The Ganzfeld Debate," 
I 

Journal of Parapsychology, Vol. 50, pp. 319-336, (December, 1986)i Rosenthal, a professor of 
psychology at Harvard University, is one of the early developers of the meta-analysis techniques. 
In this paper, he comments about the Ganzfeld controversy. I 

8. Utts, J., "Replication and Meta-Analysis iri Parapsychology," ~ccepted for publication in 
Statistical Sciences. In this paper, Utts, provides an independent amd objective overview of the 
AMP meta-analyses that follow. 
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SUCCESSFUL REPLICATION VERSUS 
STATISTICAL SIGNIFICANCE 

BY JESSICA UTrs 

ABSTRACT: The aim of this paper is to show U,at successful replication in para
psychology should not be equated with the achievement of statistical significance,:
whether at the .05 or at any other level. The p value from a hypoiliesis test is 
closely related to Ute size of Ute sample used for Ute test; so a definition of suc
cessful replication based on a specific p value favors studies done with large sam
ples. Many "nonsignificant" studies may simply be ones for which Ute sample size 
was not large enough to detect Ute small magnitude effect that was operating. Con
versely, "significant" studies may result froin a small but conceptually insignificant 
bias, magnified by a very large sample. 

The paper traces the history of the definition of statistical significance in para
psychology and then outlines Ute problems with using hypothesis-testing results to 
define successful replications, especially when applied in a cookbook fashion. Fi
nally, suggestions arc given for alternative approaches to looking at experimental 
data. These include calculating statistical power before doing an experiment, using 
c"llrnnllon lrulc11d of, or In conjunction with, hypolhcHiH lcHllng, 11nd impl.,mcnling 
some of the ideas from Bayesian statistics. 

Replication is a major issue in parapsychology. Arguments about 
whether a given research paradigm has been successful Lend Lo fo
cus on what the replication rate has been. For example, the recent 
review of parapsychology by the National Research Council includes 
statements such as " ... of these 188 [RNG] experiments with some 
claim to scientific status, 58 reported statistically significant results 
(compared with the 9 or 10 experiments that would be expected by 
chance)" (Druckman & Swets, 1988, p. 185). In each section,. the 
report critically evaluates "significant" experiments and ignores 
"nonsignificant" experiments. The extent to which nonsignificant 
experiments are ignored is exemplified by the following ovcn;ight, 
in which the tqtal number of studies is equated with the number of 
"successful" studies: "Of the thirteen scientifically reported experi
ments [of remote viewing], nine are classified as successful in their 
outcomes by Hansen et al. ... As it turns out, all but one of the nine 
scientifically reported studies of remote viewing suffer from the naw 
of sensory cueing" (p. 183, emphasis added). Apparently the au
thors decided that the four experiments that did not attain a p value 
of .05 or less did not even warrant acknowledgment. 
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The practice of defining a successful replication as ;m experi
ment that attains a p value of .05 or less is common in parapsychol
ogy, psychology, and some other disciplines that use statistics. How
ever, like many other conventions in science, it is based on a series 

-6" of h;storical events rather than on rational thought. In this paper, I 
~ will trace. some of the history leading lo this definition of a "sue
~ cessful" experiment, outline some problems with this approach, a~d 
[ suggest some methods that parapsychologists should consider in acl.
"Tl dition to the usual hypothesis-testing regimen. Rao (1984) and Hon
~ orton (1984) have discussed similar problems and solutions in the 
~ context of psi experiments. 
iD 
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t/1 
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HISTORY 

~ It has not <).!ways been the case among parapsychologists that an 
~ experiment was deemed successful if it reached a significance level 
~ ofp = .05. In 1917,John Edgar Coover, who was the Thomas Wel-

ton Stanford Psychical Research Fellow at Stanford University from 
Q 1912 to 193-7, published a book with the results from several exper
t" iments he had conducted up to that time (Coover, 1917/1975). Al
~ though hypothesis testing as we know it today had not yet been for
~ malized, he essentially conducted tests on many facets of this data 
'?> and found no evidence for psi that was convincing to him. His con
g clusions regarding these results arc typified by an example he gave 
~ in which the hit rate for 518 trials was 30.1%, when 25% was ex
~ pected by chance (exact p value = .00476): 
0 
0 
(.) 

·;;...;1;··-· 

0 
0 
0 
(.) 
0 
0 
0 ...... 
.I:,. 

We get 0.9938 [p-value = I - 0.9938 = 0.0062] for the probability that 
. chance deviations will not exceed this limit [of 30.1 percent). ... Since 

this value, then, lies within the field of chance deviation, although the 
probability of its occurrence by chance is fairly low, it cannot be ac
cepted as a decisive indication of some cause beyond chance which op
erated in favor of success in guessing. (p. 82) 

He then rev~aled what level of evidence would convince him that 
nonchance factors were operating: " ... if we meet the requirement 
of a degree of accuracy usual in scientific work by making p =· 
0.9999779, when absolute certainty is P = l; then [there is] satisfac
wry evidence for some cause i11 addition to chance" (p. 83). In other 
words, he was defining significance with a /' value of 2.21 x 10-~. 

Coover was not alone in requiring that results conform to arbi
trarily stringent significance levels. In 1940, when Rhine et al. pub-

lfoJ,lication vs. Sig11ifim11cf! 307 

lishcd Extra-Sensory Perception Afte1· Sixty Years, they included the fol
lowing definitions in the glossary: 

p-value = probability of success in each trial 
~ 

SIGNIFICANCE: When the probability that chance factors alone prcig 
d\1ccd a given deviation is sufficiently small to provide relative certai11tt3 
that chance is not a reasonable expectation, the deviation is significantl:E:_ 
above or below the chance level. Among ESP results, this is arbitraril;! 
taken to mean a deviation in the expected direction such that the criticatn 
ratio is 2.5 times the standard deviation (or four times the probable erQ 
ror) or greater. (p. 423-424) ~ 

Thus, significance was defined by z ~ 2.5, or p ,,;:; .0062. [ 
Seventeen years later, in their book Parapsychology: Frontier Sci.g: 

ence of the Mind, Rhine and Pratt ( 1957) suggested that .0 I was thfN 
appropriate threshold: g 

(.) -In order for such judgments to have the necessary objectivity, a criteri~ 
of significance is established by practice and general agreement amonS 
the research workers in a particular field .... Most workers in parapsy-. 
chology accept a probability of .0 I as the criterion of significance. (p.Q 
186) t" 

;;o -
Finally, the Journal of Parapsychology has included a definition ofO 

signifi,cance in its glossary for many years, but the appropriate p~ 
value has fluctuated back and forth between .01 and .02, finally set-6 
cling at .02 in 1968. The following arc excerpts from those glossar-~ 
ies: gg 

December 1949: "A numerical result is significant when it equals~ 
or surpasses some criterion of degree of chance improbabil-8 

··-Tfy:G6rrfrii"on·c-riier1a·-are:··a p·robabiJTty value -of .01 or -less."··~ 
. 0 

March 1950 to June 1957: "The criterion commonly used in this8 
Journal is a probability value of .02 or less." g 

September 1957: "The criterion commonly used in this Journai ~ 
is P = .01." .llo,, 

December 1957 to December 1967: "The criterion c-::>mmonly 
used in parapsychology today is a probability value of .01 or 
less." 

March I 968 to December 1986: "The c1·iterion commonly used 
in parapsychology today is a probability va!ue of .02 (odds of 
50 to 1 against chance) or less .... Odds of 20 to 1 (probability 
of .05) are regarded as strongly suggest!ve." 
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March 1987: The term significmu:r. 110 longer appears i11 the glos
sary. 

By the mid-1980's, despite the value of .02 given in the journal 
of Parapsycholog:J, significance seemed to have been determined· to 

~ con-espond to a p value of .05. For example, in their bibliography 
~ of remote-viewing research, Hansen, Schlitz, and Tart (1984) claim: 
~ "We have found that more than half (fifteen out of twenty-eight) of 
[ the published formal experiments have been successful, where only 
"Tl one in twenty would be expected by chance." As mentioned in my;. 
~ introduction, .05 was the value used by the National Research Coun
~ cil in their recent evaluation of parapsychology. Both Hyman (1985) 
iD and Honorton ( 1985) used .05 as the criterion for a successful ganz
: feld study. In discussing the Schmidt REG experiments, Palmer 
~ (1985) implicitly used .05 as the cut-off for significance by observ
g ing: "Based on Z-tests ... 25 of the 33 (76%) were significant at the 
~ .05 level, two-tailed. In two of the seven non-significant studies .... " 
0 
.llo,, (p. 102). 
~ This definition of significance is obviously not unique to para-

psychology. A popular introductory textbook in psychology states 
Q that: 
~ 
I 

:::C Psychologists used a statistical inference procedure that gives them an 
~ estimate of the probability that an observed difference could have oc-
CD curred by chance. This computation is based on the size of the differ-a, 
6 ence and the spread of the scores. By common agreement, they accept 
~ a difference as "real" when the probability that it might be due to 
co chance is less than 5 in 100 (indicated by the notation p < .05). A sig-
~ nificant difference is one that meets this criterion .... With a statistically 
g significant difference, a researcher can draw a conclu~ion about the be-
~ havior that _was under investigation. (Zimbardo, 1988, p. 54) 
0 g Given the weight that has been attached to .05 as the criterion 
~ for significance, one would chink that it resulted from careful con
g sideration of the issue by statisticians and psychologists. Unfortu-
7" nately, such is not the case. Its roots apparently lie in the following 
.llo,, passage published in 1926 by one of the founders of modern statis-

tics, Sir Ronald A. Fisher: 

It is convenient to draw the line at about the level at which we can say: 
"Either there is something in the treatment, or a coincidence has oc
curred such as docs not occur more than once in twenty trials." ... If 
one in twenty does not seem high enough odds, we may, if we prefer 
it, draw the line at one in fifty (the 2 per cent point), or one in ,·a 
hundred (the I per cent poim). Personally, the writer prefers to set a 

UrjJ/it://litm Ii.I", ,\"ig11ijic:tlllt:/! !HJD 

low stamlanl or signifit:a11ce al the 5 per cent point, and ignt>l"e entirely 
all results which fail to reach that level. A scientific fact should be re
garded as experimentally established only if a properly designed exper
iment rarely Jails to give this level of significance. (Fisher, 1926, p. 504; 
also quoted in Savage, 1976, p. 471) 

Thus began the belief that an experiment is successful only if the ~ 
null hypothesis can be rejected using a = 0.05. As an immediate a 
consequence of this belief, Fisher and his followers created tables of < 
F statistics that included values only for tail areas of .05 and .01. [ 
Since researchers did not have access to computer algorithms to de- ~ 
tcrmine intermediate p values, success came to be measured ii1 terms ., 
of these two values alone. ~ 

iD 
II) 
t/1 
(D 

PROBLEMS WITH HYPOTHESIS TESTING ~ 
0 
(.) -Misconceptions about p Values g -..... . co 

Most modern research reports include p values instead of simply 
discussing whether an experimental result is significant at ,i pre- Q 
specified level. Although this is somewhat better than the old t" 
method of "one star or two" (corresponding to a significant result ~ 
at .05 ·or .01, respectively), it is still a misleading way to examine ~ 
experimental results. '?> 

The problem is that many-researchers interpret p values as being g 
related to the probability that the null hypothesis is true. Even some so- ~ 
phisticated researchers tend to think that an extremely small p value ~ 
must correspond to a very large effect in the population and that a g 
large p value (say > .10) means that there is no effect. In other ~ 
words, the size of the p value is i11con·ectly interpreted as the size of the g 
effect. It should be interpreted as the probability of observing results 8 
as extreme or more so than those observed, if there is no effect. g 

To· see how arbitrary it is to base a decision about the truth or ~ 
falsity of a statement on a p value, consider a binomial study based J:,. 
on a sample of size n which results in z = 0.30, p value = .~8, one
tailed. One would probably abandon the hypothesis under study 
and decide not to pursue the given line of research. Now suppose 
that the study had been run with a sample of size I 0011 instead and 
resulted in the exact same prnportion of hits. Then we would find 
z = 3.00, fJ value = .0013. These results would be regarded as 
highly significant! 
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As another example, consider a chi square test for randomness 
based on a sequence of n numbers, each of which can take the val
ues 1, 2, ... 10. Suppose that the test results in a chi-square value of 
11.0, df = 9, p value = 0.28. Now suppose _tl:e sequ~nce was three 
timc:s as Jong but the proportions of each d1g1t remamed_ t~e same. 
Then each term in the numerator of the chi-square statistic would 
be multiplied by 32

, whereas each term in the denominator would 
only be multiplied by 3. The degrees of freedom would not change, 
but the new result would be x2 = 33.0, df = 9, p value = .00013. 
In the first case, the conclusion would be that the sequence was suf
ficiently random, yet a sequence three times as long with the same 
pattern would be seen to deviate considerably from randomness! 

This problem was recognized more than 50 years ago by Berk
son (1938): 

We may assume that it is practically certain that any series of real_ 9b
servations does not actually follow a normal curve wzth absolute cxacizlude 
in all respects, and no mauer how small the discrepancr between ll~e 
normal curve and the true curve of observations, the chi-square P will 
be small if the sample has a sufficiently large number of observations in 
it. 

If this be so, then we have something here that is apt to trouble the 
conscience of a reflective statistician using the chi-square test. For I sup-

RejJlicatio1t vs. Significance 311 

respondents demonstrated that they were far more likely to believe 
results based on the large sample when the p values were the same. 
(For a discussion of this example and some other problems with hy
pothesis testing in psychology, see Bakan, 1967.) 

One consequence of this misunderstanding is that researchers 
misinterpret what constitutes a "successful replication" of an exper
iment. Tversky and Kahneman (1982) asked 84 members of the 
American Psychological Association or the Mathematical Psychology 
Group the following question: 

Suppose you have run an experiment on 20 subjects, and have obtained 
a significant result which confirms your theory (z = 2.23, p < .05, two
tailed). You now have cause to run an additional group of 10 subjects. 
What do you think the probability is that the results will be significant, 
by a one-tailed test, separately for this group? (p. 23) 

The median answer given was .85. Only 9 of the 84 respondents 
gave an answer between .40 and .60. Assuming that the value ob
tained in the first test was close to the true population value, the 
probapility of achieving a p value :,;;; .05 on the second test is actually 
only about .47. This is because the sample size in the second study 
is so .small. The effect woulc:l have to be quite large in order to be 
detected with such a small sample. 

In ~he same survey, Tversky and Kahneman also asked: 

pose· it would be agreed by statisticians that a large sample> is al wars An investigator has reported a result that you consider implausible.· He better than a small sample. If, then, we know in advance the I that will 
1 ran 15 subjects, and reported.a significant value, t = 2.46. Another in-

result from an application of a chi-square test to a large samp~e, t 1ere vestigator has attempted to duplicate his procedure, and he obtained a \yould Seem to be no use in doing it on a smaller one, but smce the 
7 nonsignificant value of t with the same number of subjects. The direc-resul t of the former test is known, it is no test at all. (pp. 526-52 , · h · · h f d y · · h 

1
. 

t10n was t e same m Dot sets o ala._ ou_ are_ rev1ewmg t e_ 1teratur~. ___ _ --------.. .emphasis inorig.inal)_... - -- - -- ----- ~--- ·- --- --------------------------------WliaTis-·tne-·highest-vafue oft in the second set of data that you would 

describe as a failure to replicate? (p. 28) 

Replication The majority of respondents considered t = 1.70 as a failure to 
replicate. But if the results from both studies are combined, then 

Very often researchers simply do not understand the connection (assuming equal variances) the result is t = 2.94, df = 29, p value 
between the /1 value and the size of the sample. For example, Ro- = .003. The paradox is that the new study decreases faith in the orig-
senthal and Gaito ( 1963) asked nine faculty members and ten gra~- inal result if viewed separately but increases it when combined with 
uate students in a university psychology department to rate their the original data! 

degree of belief or confidence in results of hypothetical stu~ies with This misunderstanding about replication is quite prevalent in the 
various p values and with sample sizes of 10 an? 100. Give~ the psi literature, as demonstrated by the emphasis on successful repli-
same /J value, one should have more confidence m a ~tudy with a .1 cation, where success is defined in terms of a specific .p value, re-
smaller sample because it would take a larger underlymg effect to : gardless of sample size. As an example of how unnecessarily dis-

obtain the small p value for a small jtWJfr\5vJJcffcf?W~~itset~lr03/04/18 :· CIA.!R~&~OOO~Ot1Gl4ers, I have shown elsewhere (Uus, 
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1986) that il" the.: true.: hit rate.: in a binomial study (such as a ga11zldd 
experiment) is actually 33%, and 2.5% is expected by chance, then a 
study based on a sample of size 26 should be expected to be "suc
cessful" (P ~ .05) only about one fifth of the time. Even a study 

~ based on a sample of size 100 should be "successful" only about half 
~ of the time. It is no wonde1· that there arc so many "unsuccessful" 
~ attempts at replication in psi. 
[ As another example of the paradoxical nature of this definition 
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of replication, consider the "unsuccessful" direct-hit ganzfeld studies 
covered by the meta-analyses of Hyman (1985) and Honorton 
(1985). Using those studies with p(hit) = .25, there were 13 out of 
24. that were nonsignificant, a = 0.05, one-tailed. (See Hononon, p. 
84, Table Al.) But when these 13 ·"failures" are combined, the re
sult is 106 hits out of 367 trials, z = l.66, f1 = .0485! 

Problems with Point Null Hyj,olhr.scs 

A point null hypothesis is one that specifies a particular value 
("point") as the one being tested. Most hypothesis testing is done 
with point null hypotheses. The problem with this approach is that 
any given hypothesis is bound to be false, even if just by a minuscule 
amount For example, in a coin-tossing experiment, the null hy
pothesis is that the coin is fair, that is to say, I-10 : P = .5000000. 
This is never precisely true in nature. All coins and coin-tossers in
troduce a slight bias into ·the experiment. This slight bias can pro
duce a very small /1 value if the sample size is large enough. If, for 
example, the true probability of heads is .500 l, and the observed 
proponion of heads falls right at this value, then the null hypothesis 
will be rejected at .05 if the sample size is at least 6.7 x 107

• As long 
as there is any bias at all, the fJ value can be made arbitrarily small 
by taking a large enough sample. 

In practice, this problem was· rarely serious before it became pos
sible to collect large amounts of data rapidly using computers. Stat
isticians have often used ESP as an example of one of the few cases 
where it really is possible to specify an exact value for the null hy
pothesis. But even this view is changing, as shown by this comment 
from a recent issue of a popular statistics journal: 

It is rare, and perhaps impossible, to have a null hypothesis that can be. 
cxaclly modeled as 9 = 80 • One might feel that hypotheses such as 

Hu: A subject has no ESP, or 

Hu: Talking to plants has no effect on their growth, 
arc representable as exact (and believable) point nulls, but, even he1·c, 
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miuor biases in the experiments will usually pre,•cnt exact rcprcsenta
lions as points. (Berger & Delampady, 1987, p. 320) 

In summary, hypothesis testing as it is currently formulated 
tends to be a misleading approach to examining data. Small samples 
tend to lead to "nonsignificant" studies, whereas large samples can:t:=, 
lead to extremely small p values, even if the null hypothesis is onljg 
slightly wrong. Many researchers do not understand the meaning ofc3 
a p value and do not understand how closely replication issues are~ 
tied to sample size. Arguments about replication should not bea. 

"Tl based on p values alone. o 

SOLUTIONS 

Power Calculations 

., 
~ 
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If a hypothesis test is to be done at all, a researcher should a~ 
least determine in advance whether it is likely to be St!Ccessf ul. Th~ 
statistical power of a test is the probability that the null hypothesi~ 
will be rejected. It obviously depends on what the true underlying· 
state of nature is. Because this information cannot be known (o~ 
there would be no point in doing the experiment), it is a good' ide~ 
to look at power for a variety of possibilities before conducting th<o 
exper1menL The results will tell you whether you are likely to b~ 
able to reject the null hypothesis, using the sample size you hav<R> 
planned, for specific values of the magnitude of the effect. g 

Statistical power is a. function of the samp\"e size; the true under~ 
lying magnitude of the effect, the level of significance for which th~ 
experiment would be considered a success, and the method org 
analysis used. It does not depend on the data. ~ 

As an example, suppose you are planning to conduct a test og 
the hypothesis H 0 : P = .25 using a series of 10 independent trials8 
Power calculations would proceed as follows: g 

I. Find the cutoff point for the number of hits that would Ieace 
to rejection of H 0 • In this case, the p value for 5 hits is .08, and fotl::,. 
6 hits it is .02, so 6 hits would probably be required to reject the 
null hypothesis. 

2. Power for a specific alternative is the probability that the null 
hypothesis would be rejected if that alternative value is true. In this 
case, power = P(6 or more hits). This can be computed directly, 
using the binomial formula, for any specified hit rate. Here are 
some exam pies: 
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Hit rate 

0.30 
0.33 
0.40 
0.50 
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Power = P(6 or more hits) 

.047 

.073 

.166 

.377 

[ Notice that even if the true hit rate is 50% instead of the chance level 
"Tl of 25%, the chances of a "successful" replication are poor, that is, only 
~ 37.7%. In most psi applications, 30% or 33% is probably a more re
~ alisti~ approximation to the true hit rate, so there would be a very 
CD small chance of having this experiment succeed with only 10 trials. 
: As a second example, suppose you are planning to run the same 
~ experiment with 100 trials and are planning to use the normal ap
g proximation instead of an exact test. Further, suppose you will re
~ ject the null hypothesis if z ~ 1.645, where z is the usual critical 
~ ratio, corrected for continuity: z = (number of hits - 0.5 -
~ 25) I V(IOO x .25 x .75) = .23(number of hits - 25.5). Using 
· · simple algebra, note that z ;;i:c 1.645 when the number of hits ;;i:c 

Q 32.65. Thus, the null hypothesis will be rejected if there are 33 or 
t" more hits, so power = P(33 or more hits). Computing this for the 
~ same hypothetical hit rates as in the previous example gives: 
"C 
CD 
a, 
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Hit rate 

0.30 
0.33 
0.40 
0.50 

Power = P(33 or more hits) 

.289 

.538 

.939 

.9998 
-,,;;,.---· 

g Now there is a more reasonable chance for a successful study, al
~ though it is still only 29% even if the true hit rate is 30%. 
g For studies in which the null hypothesis does not involve a single 
7" value, it can be more difficult to compute power because it is not so 
.llo,, easy to spe.cify a .reasonable alternative. In these cases, it is still pos-

sible to look at the p value that can be expected if psychic function
ing were to occur at specified levels for the sample size planned. For 
example, McClenon and Hyman (1987) conducted a remote-viewing 
study with eight trials, one for each of eight subjects, and used the 
preferential-ranking method of Solfvin, Keily, and Burdick (1978) 
on the subject rankings. Each subject was asked to rank-order eight 
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choices of potential targets as· compared to the response he or she 
had produced. By chance, the average rank should be 4.5. If 
psychic functioning had reduced the average rank to 4.0, the p 
value would have been .298, not significant. Even if the average~ 
rank had been reduced to 3.5, the study would still not have been"O 
significant, jJ value = .126. The average rnnk would have to be 3.0 ~ 
before this study would achieve a significant result. A parapsychol- ~ 
ogist experienced in remote viewing should be able to determine in [ 
advance whether such a study would be likely to be successful with ~ 
such a small sample. ., 

The lesson here is that a "nonsignificant" study may be nothing ~ 
more than a study with low power. Before investing time and CD 
money in a new study, it should be determined whether it is likely : 
to succeed if psychic functioning is operating at a given level. ~ 

Estimation 
0 
0 
(.) -0 

An approach that avoids many of the problems with hypothesis j: 
testing is to construct a "confidence interval" or an "interval esti- co 
mate" for the magnitude of an effect. This is done by computing an (') 
interval of values that almost certainly covers the true population 5> 
value. The degree of certainty is called. the confidence coefficient and ;;o 
is specified by the researcher. Common values are 95% and 99%. CJ 

As.an example, consider a binomial study with 100 trials that ~ 
results in 35 hits; Using the normal approximation, one would ex- 6 
pect the proportion of hits in the Sc!,mple to be within 1.96 standard ~ 
deviations of the true hit rate 95% of the time. The appropriate gg 
standard deviation for the proportion P of hits is VP(! - P)!n. ;;o 
Thus, a 95% confidence interval for the true hit rate is found by g 

-------- addiftg-antl-subtraeting-l-;96--of-these-standard deviations-to-tlre·-pro""--~---·---
portion of hits observed in the sample. The resulting interval in this g 
case is 0.35 - 0.09 to 0.35 + 0.09, or 0.26 to 0.44. This tells us that 8 
with a fair amount of certainty (95%), the true hit rate is covered g 
by the interval from 0.26 to Q.44: For the same proportion of hits ~ 
in a study with 1,000 trials, the interval would be from 0.32 to 0.38. .llo,, 

The larger the sample size, the shorter the width of the interval. 
Consider two studies designed to test H 0 : P = .5: 

Studv I Study 2 
z 3.60 2.40 
p value .0004 .0164 
n 1,000 100 
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Which study provides more convincing evidence that there is a 
strong effect? In keeping with the results of Rosenthal and Gaito 
(1963) discussed earlier, most people would say that the first study 
jliows a stronger effect, both because the /1 value is smaller and be
"TJause it is based on a larger sample. In fact, the opposite is trne. 

ihe number of hits for the two studies are 557 (55.7%) and 62 
2%), respectively; the smaller study had a higher hit rate. The 
% confidence intervals for the hit rates in the two studies are 

S').53 to 0.59) and (0.53 to 0.72), respectively, so in both studies we te relatively sure that the hit rate is at least 53%, but in the second 
!!-udy jt could be as high as 72% whereas in the first it is probably 
io higher than 59%. 
g: In studies with huge sample sizes, confidence intervals make it 
~iclent that an infinitesimal p value does not correspond to an ef
<5:ct of large magnitude. For example, consider a study based on 
~00,000 trials and designed to test I-1.,: P == .50. Suppose there were 
~0,500 hits. Then z == 3.16, and the f, value is 7 .9 x 10- 4

• -But what 
cl!ioes this mean in practical terms? A 95% confidence interval for the 
5.ue hit rate is from 0.5019 to 0.5081. Thus, it appears that the true 
S9it rate is indeed different from 0.50, but reporting the results in 
*11is way makes it clear that the magnitude of the difference is very 
~all. The reader can decide whether an effect of this size has any 
CQleaning in the context of the experiment. 
6 In summary, confidence intervals are preferable to hypothesis 
$sts for the following reasons: 
co 
~ l. They show the magnitude of the effect. 
o 2. They show that the accuracy of the conclusion is highly de
~endent on the sample size. 
g 3. They remove the focus from decision making, which is arbi-
3rary at best because of sample size problems. 
g 4. They highlight the distinction between s/.alist£cal significance 
:jnd practical significance. 
J:.. 5. They allow the reader of a research report to come to his or 
her own conclusion. 

Mela-Analyses 

Meta-analytic techniques may be viewed by some parapsycholo
gists as the solution to studying the issue of replication. Even though 
these techniques can address the replication issue. in· useful ways, 

Replication vs. Significance 317 

they also contain some dangerous pitfalls. For example, both Hy
man (1985) and Honorton (1985) used "vote-counting" in their 
meta-analyses of the ganzfeld data base. In other words, they tallied 
the number of significant studies in the data base. This procedure 
inherits all of the problems associated with the original determina
tion of whether a study was "significant" in the first place. A series 
of studies, each with low power, may all be determined LO be non
significant, when the combined data may lead to an extremely sig
nificant result. Conversely, a series of studies based on large samples 
may all be significant, but the magnitude of the effect may be very 
small. A vote-count showing that most studies are significant could 
mislead researchers into believing that there was a large effect. 

The concept of effect size was introduced to account for the fact 
that individual study results are highly d·ependcnt on sample size. 

, Estimating the effect sizes for a sc1·ics of studies and seeing whether 
: ·· they arc similar is a useful way of studying replication. However, 

examining only the effect size for an individual study does not give 
any indication of the accuracy of the result. This should be done in 
conjunction with some estimate of the accuracy of the result, such 
as a confidence interval. 

Bayesian Methods 

Many statisticians believe that the conceptual framework of hy~ 
pothesis testing and interval estimation is philosophically incorrect. 
Rather, they start by assigning· prior probabilities, based on subjec
tive belief, to various hypotheses, and then combine these "priors" 
with the data to compute final or "posterior" probabilitie~ for the 
hypotheses. This is called the Bayesian approach to statistics. An in
troduction to the ideas of Bayesian analysis can be found in Berger 
and Berry (1988) or Edwards, Lindman, and Savage (1963). A more 
technical reference is Berger (1985). 

Berger and Berry ( 1988), in a recent article in American Scientist, 
discussed the use of Bayesian methods instead of classical methods: 

The first step of this demonstration is to calculate the actual probability 
that the hypothesis is true in light of the data. This is the domain of 
Bayesian statistics, which processes data to produce "final probabilities" 
... for hypotheses. Thus, the conclusion of a Bayesian analysis might be 
that the final probability of H is 0.30. 

The direct simplicity of such a statement compared with the convo
luted reasoning necessary to interpret a P-value is in itself a potent ar-
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gument for Bayesian methods. Nothing is free,. however, and the ele
gantly simple Bayesian com.lusion requires additional input. To obtain 
the final probability of a hypothesis in light of the experimental data, it 
is necessary .to specify the probability of the hypothesis before or apart 
from the experimental data. 

Where does this initiai" probability come from? The answer is simple. 
It must be subjectively chosen by the person interpreting the data. A 
person who doubts the hypothesis initially might choose a probability of 
O.l; by contrast, someone who believes in it might choose 0.9. (p. 162) 

~ They then provide an example of testing the hypothesis H: P = .5, 
;;o where P is the proportion of hits expected in a binomial experi
iS merit. Suppose that in 17 trials there are 13 successes (7G.5%). Then 
: the p value is .049, two-tailed. Unless, of course, the experiment was 
CD designed to stop at the fourth failure instead of at the 17th trial. 
~ Then the p value, with the identical ·data, would only be .021. Such 
8 problems arise with classical methods, but not with Bayesian meth--g ods. 
::.:: Using the Bayesian approach, suppose that one's p'rior belief 
00 that H is true is 50%. If H isn't true, the prior belief is that the true 
Q value of P is equally likely to be anywhere between 0.5 - c'and 0.5 
t" + c (where c is some constant), but could not possibly be fart.her 
;;tJ than that from 0.5. The choice of c represents prior opinion about 
~ the strength of the effect, if there is one. Choosing c = 0.1 (the 
~ effect isn't likely to be very strong even if it exists) results in a final 
6 probability of 0.41 for H (given that there were 13 successes in 17 
~ trials), whereas choosing c = 0.'1 results in a probability of 0.21 for 
gg H. In other words, the final degree of belief in H is dependent on 
~ one's prior belief about the strength of the effect. It also depends 
8 on prior opinion about the veracity of H, and on the observed data. 
~ ·· One reason that Bayesian methods are not more widely used is 
g that they are often difficult to apply. Another reason is that re
~ searchers are uncomfortable·· with having to specify subjective de
g grees of belief in their hypotheses. This approach makes particular t sense for parapsychology, however, because most researchers have 

strong opinions about the probability that psi is real, and these opin
ions play a central role in how psi researchers and critics evaluate 
the evidence. Posterior probabilities in Bayesian analyses are a func
tion of both the prior probabilities and the strength of the evidence; 
it may be informative to formalize these opinions and to see how 
much evidence would be needed to increase the posterior prnbabil
ity of a psi hypothesis to a non-negligible level when the prior prob
ability was close to zc1·0. 
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Paranormal Communication 

"Error Son1e Place!" 

by Charles Honorton 

Rrokw of the ESP controversy 

traces debatt from statistical 

and ~thodol.ogical issues to 

th<! a priori critiqiu and the 
paradigm of "normal sciena." 

Asked his opinion of ESP. a skeptical psychologist once retorted, "Error 
Some Place!'' I believe he was right, but for the "Wrong reasons. Western 
science has always been ambivalent toward the mental side of reality, and 
it is perhaps not surprising that the occurrence 0£ "psychic" phenomena is 
one of the most controversial topics in the history 0£ science. 

The first serious effort toward scientific examination of psi claims was 
undertaken by the Society for Psychical Research (SPR), foqnded in London 
in 1882 for the purpose of "making an organized and systematic attempt 
to investigate the large group of phenomena designated by such terms as 
mesmeric, psychical, and spiritualistic." The SPR leadership included many 
distinguished scholars of the period, and similar organizations quickly 
spread to other countries, including the American Society for Psychical Re
search, founded in New York in 1885 under the aegis of \Villiam James, 
who himself took an active role in early investigations of mediumistic 
communications. 

These turn-of-the-century investigators focused much of their attention 
on authenticating individual cases of spontaneous experiences suggestive 
of psi communication. While a great deal of provocative material was care
fully examined and reported (e.g., 13), the limitations inherent in the case 
study approach prohibited definitive conclusions. However thoroughly au
thenticated, spontaneous cases cannot provide adequate assessment of such 
potential sources 0£ contamination as chance coincidence, unconscious in
ference and sensory leakage, retroactive falsification, or deliberate fraud. 

Charles Honorton is director of research in the Division of Parapsychology and 
Psychophysics; Dep.inmenl of Psychiatry, Maimonides Medical Center, Brookl)'n, N.Y. 
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Eady <>pedmcntal apprnacl,c, pJacily Involved the "telepathic" ·,Jo--
duction of drawing~ at a dist,rnce (6~). While often striking rorresponcle;,Les 
were obtained, the experimental c~nditions did not usually provide or~ 
random selection of target (stimulus!) material, and were not always t0:::; lly · 
adequate with respect to the possi~ility of sensory lcakag-e, intentiona: or 
otherwise. i 

Neither the spontaneous case st~dies nor the early experimental ef.rts.,,. 
made much impact upon the scienti~c community, though they dre1\· crit;lc:il 
comment £rom prominent period sfientists. "Neither the testimony of JI! 
the Fellows of the Royal Society, no'r even the evidence of my O'lrn senJ·"= 
proclaimed Helmholtz, "would lea1 me to belie\'e in the transmissio:I of_ 
thought from one person to anothe~ independently of the recognized ch,:;n. 
nels of sense." Thomas Huxley de:clined an invitation to participate! in~·· 
some of the early SPR investigation]s, saying he would sooner listen to the 
idle gossip of old women. · -

i E;f 

The rud~ments -0/ an experirru:ntal methodolrg;.• 

I / or test in~ psi were sugges~ed t~ru 
' centunes ago by Francu B,011._ 

In Sylva Sylvornm, a wmk pu*llshcd posthumously, Bacon dlscui,a"" 
"experim~nts !n c.onsort, monitoryi touching trans~ission of s~irits rd
forces of 1mag111at1on." He suggesteid that "the motions of shuffirng ca,

1

rcs:
or casting of dice" could be used :to test the "binding of thoughts .... 
The experiment of binding of thoJghts should be diversified and trieJ to 
the full; and you are to note whetl}er it hit for the most part though I_ noc-
always" (2). : ! 

The application of probability itheory to the assessment of de\'iations 
from theoretically expected chancel outcomes :was introduced to psych

1
ia~ 

research in 1884 by the French Nope! laureate, Charles Richet, in exi:;>eri-
ments in\'olving card-guessing. Th9 Popularity of card-guessing as an; ex
perim~ntal ~ethodology was reat~1 i~Auenced by the :°'ork_ of J. B. R~in~ 
and Im associates at Duke Univers1~y m the early 1930s. Rhme (50) densec · 
a standard set of procedures aroulnd a simplified card deck contair~in; 
randomized ~e~nces of five geofetric forms (circle, cross, wavy li~nes, 

\'.IQ.., square, and~- These "ESP caJ.tds" were prepared in packs of 25, ;an<_, 
Lj' v each "run"(hrough the pack was aslsociated with a constant binomial p'.ro't 

· ability of 1/5, since subjects were ~ot given tri{J.by-trial feedback. Pr~1vid
ing the experimental conditions wdre adequate to eliminate illicit sen~~r . 
cubes, recording errors, and ration~! inference, statistically significantJ dt" 
partures from binom!al ~hance ex}fctation were interpreted as indicai_ ting 
extrasensory communication. . j = 

Initially,. "tel~pathy" tests consisted o[ having a subject in one r~oor~ 
attempt to 1dent1fy the order of t~1e cards as they were observed b·~r· au 
"agent" in another room. In "clairtoyance" tests, the subject attempte~d to 
"guess" the order of the cards <lireqtly, as they lay concealed in an op~3qL-

! I 
i 
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container or in another room, without an agent. "Precognition" tests, 
introduced somewhat later (59), required the subject to make anticipatory 
guesses of the card order before the pack was slrnffied or otherwise random
ized. 

Rhine introduced the term "ESP" in his first major report on the Duke 
University work in 1934 (50). He reported a total of R5,i24 card-guessing 
trials, carried out with a wide variety of subjects and under a wide range 
of test conditions. The results as a whole were astronomically significant, 
though informal exploratory trials were indiscriminately pooled with those 
carried out under more carefully controlled conditions. The best-controlled 
work during this period was the Pearce-Pratt distance series of clairvoyance 
tests (58), in which the subject, Pearce, located in one building, attempted 
to identify the order of the cards as they were handled, but not viewed, by 
Prall, the experimenter, located in another building. The Jcvel of acrnracy 
obtained in this series of 1,850 trials was associated with a probability of 
1 Q-2':?. 

As a stimulant to experimental research, Rhine's work had unprece
dented influence. For the first time a common methodology was adopted 
and employed on a large scale by a number of independent ancl widely 
separated investigators. For the first time, also, the scientific community 
was confronted with a body of data, collected through conventional meth
ods, which it could no longer ignore-nor too hastily accept. The wide
scale adoption of the card-guessing methodology was accompanied by a 
plethora of critical articles, challenging almost every aspect of the evalua
tive techniques and the experimental conditions. During the period be
tween 1934 and 1940, approximately 60 critical articles by 40 authors ap
peared, primarily in the psychological literature. v\'hile card-guessing i's 
no longer the primary methodology in experimental parapsychology, the 
questions which arose over its use are of equal relevance to the more 
sophisticated approaches used today. 

The first major issue concerned the 

validity of the assumption that the 
probability of success in the card-guessing 

experiments was actually 1/5. 

If chance expectation is other than l /5, the significance of the observed 
deviations would obviously be in doubt. This issue was quickly resolved 
by mathematical proof and through empirical "cross-checks," a form of 
control series in which responses (guesses) were deliberately compared with 
target orders for which they were not intended (e.g., responses on run n 1 

matched with the target sequence for run n~). Empirical cross-checks were 
reparted for 24 separate experimental series involving a total or 12,228 
runs (305,700 individual trials). While the actual experimental run scores 
(e.g., guesses on run n 1 compared to targets for run n 1) were highly sig
nificant and yielded a mean scoring rate of 7.23/25, the control·cross-check 
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scores were in ,di cases nonsignificanf, with a mean scoring rate of 5.04 (4~). -· 
Several critics questioned the applicability of the binomial dis'.ributi?n 

as a basis for asses~ing the statistical! significance of ESP card-guessrng data. 
\Villoughby (78) proposed the use tjf an empirical conirol series, but laGer ~ 
withdrew the suggestion afler comp~ring the two methods (i9;. A1ternati;ve 
methods of deriving the probable !error and recommendations for usi~g 
the empirical standard deviation w~re also proposed a:id later withclratn -
(21, 22). Concern over this issue di1iinished and was g!nerally abandonfed 
following the publication of a large chance control series invoh·ing h~lf 
a million tri;lls and demonstrating; close approximation to the binomJial =-~· 
model (12). I , 

Another question arose about ~·hether the binomial model provi¢es 
sufficient approximation to the norrpal distribution to allow nse of norT.al _ 
probability integral tables for det~rmination of significance Je"els (1:7). 
Stuart and Greenwood (i3) showedi that when the nornial Gistributionl is 
used as an approximation to the binomial model, discrep2:icies are im-
portant only with cases of borderli~e significance and few tr:als. • ""'"' 

The use of the binomial criticallratio (z) to evaluat! the iignificance: of 
the ESP card-guessing deviations ~as generally approved b:· professional 
statisticians (6, 20). Fisher (I 0), ho:wever, commented that high levels' of 
statistical significance should not beiaccepted as substitutes foc independent 
replication. In another vein, Huntington (20) asked, "If mathematics has 
successfully disposed of the hypoth¢sis of chance, wh2t has psychology to 
say about the hypothesis of ESP?" 

The mo~t freqwmtly expressed iuthodological_ 
i concern was the possibility of sonu::.:...., 

ftirm of "sensory lea,.age," giving the ESF 
subje4t enough information about {Ju targe~ 
to accpunt for significant, extrachana results~ · 

As early as 1895, two Danish; psychologists, Hansen and Lehmani:!_ 
(16), reported that with the aid of parabolic reflectors·subjern could detec,,_. 
digits and other material silently e<;>ncentrated upon b,y an agent. In q,es-
experiments, the subject and agen~ sat with their heads close to the foci 
of two concave mirrors. ,vi1ile the :agent concentrated on the number., h..., 
made a special effort to keep his lf ps closed. Under ihese conditions, th
subjects were frequently successful if1 identifying the number. These results 
were interpreted by Hansen and i,ehmann as supporting the hypothes~, 
of "involuntary whispering." The i utilization of subtle sensory cues w,--

1 

demonstrated in a careful investigatfon by S. G. Soal o! a stage "telepat~ist 
(66). There were also reports, suc]:1 as the case of "Ilga K.," a men 1tallY_ 
retarded Latvian child who could r¢ad any text, even in a foreign langyag-·i 
when someone stood behind her,: reading "silently_" Experiments wit.. 
dict~phone recordings revealed th~t "Ilga" was r.esponding to very stigl.!:., 
a ud1 tory cues (3). · -· 
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able to the ESP hypothesis made 71.5 percent more errors of commission 
(increasing ESP scores), while those who were unfavorable to the ESP 
hypothesis made 100 percent more errors of omission (decreasing ESP 
scores). Murphy (37) reported an analysis of 175,000 trials from experiments 
reporting positive evidence for ESP and found only 175 errors (0.10 per- -
cent). Green...,·ood (12) reported only 90 recording errors in rechecking his 
500,000-trial control study, of which 76 were errors of omission. 

Some critics also alleged that improper selection of data could account 
for experimental successes. This could be done in several ways: (a) selection 
of subjects; (b) selection of particular blocks of data out of larger samples; 
(c) selection of one of several forrns of analysis; and (d) selective reporting 
of particular studies. The questions raised have sometim~ been stated 
cynically in the form, "Para'psychologists must run 100 subjects before 
they find one with 'ESP'." As if in defense against this charge, a number 
of the reparted studies specifically stated that all of the data collected were ~" 
included in the' analysis (see 43, pp. 118-124, Table 12). 

Concerning selection of subjects, Warner (76) suggested two criteria: 
first, results of "poor" subjects must be included up to the point when 
they are discontinued since it does not matter how many trials a giYen 
subjut makes as long as all of the trials (for all subjects) are included; 
second, exclude all preliminary trials (for both "good" and "poor" sub- __ 
jects) and use preliminary screening studies to select "good" candidates for 
forrnal work. These criteria were generally endorsed by the chief critics of 
the period (e.g .. 23). 

The question of post hoc selection of analyses W?-.s not a point of serious 
concern in the period between 1934 and 1940, though it is relevant to the 
assessment of some of the process-oriented investigations reported more 
recently. The question of whether nonsignificant studies were withheld -
from publication involves an issue which is of great toncern to the j:,e
havioral sciences as a whole (70, 81) and one which is difficult to accurat~ly 
assess since there is no way of knowing how many studies may have bejen 
withheld from publication because their results failed to disconfirm qhe 
null hypothesis. . 

1 

Several studies of American Psychological Association publication ~Ii-~
cies (4, 70, 81) indicate that experimental studies in general are more like! ly 
to be published if the null hypothesis is rejected at the conventional 05 
and .01 alpha levels than if it is not rejected. These studies also indi:f' te 
that a negligible propartion of published studies are replications. Boza th 
and Roberts (4), in a survey of 1,334 articles from psychological jomn. ls, 
found that 94 percent of the articles involving statistical tests of significajce 
reparted rejection of specific null hypatheses; only eight articles (less t11an 
I percent) involved replications of previously published studies. i 

With respect to the implications of such selection for the ESP hypotheJsis, 
there are two partial answers. First, considering the degree of critical in~er-~.,. 
est which prevailed in the 1930s, it seems unlikely that nonsignificant fird
ings would have been repressed during this period;° second, the high le\els 

I 
I 
i 
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It is clear that at least some of the early exploratory series reporte<l in 
Rhine's monograph were open to criticism for ;inadequate controls against 
sensOT)' cues. While Rhine did not base major !conclusions on such poorly 
controlled data, inclusion of them in his mono~aph provided a ready target 
for critical reviewers and sidetracked discussion away from the better con
trolled work, such as the Pearce-Pratt series, w~ich was not susceptible to 
explanation by sensory cues. 

Defects in an early commercial printing of ESP cards were reported by 
several investigators (18, 25). It was found that ithe cards were warped and 
could under certain conditions be identified frqm the back. This discovery 
circulated widely for a time as an explanation !of all successful (i.e., statis
tically significant) experimental series. The pa~a psychologists retorted that 
defective cards had not been employed in any~£ the experiments reported 
in the literature and that, in any case, they cquld not account for results 
from studies involving adequate screening wi~h such devices as op;ique 
envelopes, screens, distance, or work involving! the precognition paradigm 
in which the target sequences were not gener~ted until after the subject 
had made his responses (53, 54, 72). ' 

By 1940 nearly one million experimental tri~ls had been reported under 
conditions which precluded sensory leakage. These included five studies 
in which the target cards were enclosed in opatjue sealed envelopes (41, 45, 
46, 54, 59), 16 studies employing opaque screen~ (7, 8, J], 19, 33, 34, 35, 38, 
41, 42, 44, 45, 46, 59, 71), ten studies involving separntion of subjects and 
targets in different buildings (50, 51, 52, 53, 34! 32, 8, 77, 61, 60), and two 
studies involving precognition tasks (59, 75). T~ese data are summarized in 
Table I. The results were independently signi~cant in 27 of..the 33 experi
ments. By the end of the J 930s there was gener~l agreement that the better
controlled ESP experiments could not be accbunted for on the basis of 
sensory leakage. · 

The hypothesis that significant "extrachancJ" deviations in ESP experi
ments might be attributable to motivated scori~g errors was investigated in 
several studies. In one investigation (26), 28 obtrvers recorded 11, I 25 mock 
ESP trials. Of these, 126 (1.13 percent) were m!isrecorded. Observers favor-

Table 1: ESP card-guessing experiments (1934-19~9) excluding ~nsory cues• 

Method Studies N (Trials) Mean/25 p< 

"Clairvoyance" paradigm, 
stimuli In sealed, opaque 
envelopes 5 129,775 5.21 4.~'io-11 

"Clairvoyance" paradigm, 
stimuli concealed by opaque 

2:Jr'X 10-a screens 16 497,450 5.44 
Dlstanceb 10 164,475 5.37 .:io-.:11 
Precognition paradigm• 2 115,330 5:15 2.95,~ 10-1 

/ 

• References given in text. 
• Includes work with both ''telepathy" end "clalrvoyahce" paradigms 

. 
• Stimuli generated after subjects made their respon~es 
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Two recent examples, one involl'ing cancer research (7·1) and the oth 
irn·olving parapsychology (57), serve to remind us of the importa11ce _ 
cross-validation in the assessment of any experimental finding. ln bo1h 
cases, it should be added, the fraudulent arts were detected in-ho11,e, L 

the researchers themselves. The point is that in the final anal~sis ;rn ctpe 
mental fine.ling is of value and is to be taken seriously only to the elxtenf 
that it leads to further inquiry. To regard any experiment as an did in 
itself is to remove it from the domain of experimental science. It is ob!1·io 
that hypothetical construct, such as ESP, cannot be validated b) a1,y 
isolated experiment, no matter how well controlled it might be. llnde
penden t replication is a necessary pre reg uisi te. 

. Tiu cw.im that psi phen
0

0m..(:na o~e~ale 

outside the framework of physu:al probapil1 

has been a major sourc~ ot 
priori arguments against acceptarue of !ESP. 

It has been suggested that to ::icccpt ESP requires the rejec1iqn _ 
physics. This is absurd, and it is worth noting that such arrument, have 
usually been ad\'anced and defended by psychologists rather than !-·· 
physicists. 

The debate over the incompatibility of physics and ESP has been 
conducted almost exclusively within the framework of nineteenth-centurl' 
deterministic physics, wherein the ultimate constituent of physical reali 
was still believed to be solid matter. Inasmuch as modern microphysics ha, 
exorcised the material out of matter and de;ils with processes which on 
our macrophysical level of sensory perception are every bit as erratic: ar 
anomalous as ESP, the a priori claim that ESP violates specifiable Jaws~
physics can no longer be considered to be of more than historical interest. 

ESP and other psi phenomena, while no longer incompatible wi . 
physics, are not yet accounted for by physics; but then, neither are ti, 
more familiar processes of memory and conscious experience. Indeed. the 
transformation of "rav.• feels" into conscious experience is no Jess a problc~' 
for the neurophysiologists of today than it was for the speculati\'e philc 
ophers of classical antiquity. Sir John Eccles, among others, has repeated1y 
warned, "\-Ve should not pretend that consciousness is not a mystery." 

The ESP controversy illustrates SC\'eral features of the paradig,tiat._ 
view of science developed by Thomas Kuhn (28). Normal science, accoJdin?;, 
to Kuhn, is essentially a clean-up operation, constrained by a t:lro; '' 
theoretical framework, or paradigm, which defines the boundaries of l~gi _ 
mate inquiry. Paradigms arc scientific world views which provide cohe~ence 
and structure and determine the types of questions to be posed of na,tur· 
as well as the man~er in ~·hich _answers are sought. N?rmal scien:c i_\lth1""""' 
a process of parad1gm-art1culat1on, rather than of discovery. \V1th1T1 the 
paradigm structure of normal science, obser\'at,ions which connict ]with 
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• ',: l _:~.i) ,; ·. Table 2: Breakdown Atexperlmental ESP stu~d/c;.s (19J4-1939) 
. , . . . , ._,,, .. ,.N· 

',,,!·~ ··(stul:!ies)'- % signif. 
.,,, d ''.'.:· <:. t- . .,.,. ~ .' 'l ' 

Duk,fgrqµf·L· ·· 17 

N studies reported 
s,ignifi.c.ant (p < .01) 

88 
61 
70 

·.·4.,,' 

. " '~ ., 

Non'.Duke .·J 33 
. Total . w·~ 

15 
20 
35 ;. ; '.' ·~·.\T :,.:,1.:_.:·. 

·~ "c •• ~,! ·~j~·, "• 

·: · ·'.":lr..,,,. ·"· · -~ • Includes all English-language stucties Involving assessment of statistical significar. 
V· • i~~- ,t. ~<?{data, 1934-1939incl~siv~~,,'· :t/ , · ; ' ::f ~ft,::~;;; .. · .. ,, (D." ,, " "'" D" ,, x!,~'"'.1: I "· "'"'''""k: "I) = : 70 (I •n 

.:,,,,;·iti~'ffl!'f~,fil !1't.1 ~l; ;i'"S<!quences ha•ie been ''.doctor~d" prior to p~b]icati·~~ in order to- rcmo"c 
~"'¥~:i •; :· .. ;-. ":,·~ jt'~rtain nonrandom fe~·wres; this practicet;'acc;cir4irg·to Spencer Bro,,.-n, 

,,\;,;.:a:,i-,; > '0~',,~f ·, m,ikes such~sequences · nonran~fom and i1:validates the use of standa 
Tf, "~~- :, '1 '".: :significance·\esis; (b) the"source of some random. numb'e:r sequences invoh_, 

'.+ . . randomizing machines wfiich utilize the unpredictability of human i:;. 

·',,; .. " 

' 0 r'i havior when~'ex·amined for . microscopic Variati·on; • such variation, S2'" 

·Spencer Brov.·n: ma{be predictable enough to account for observed ano: 
c:::',l'alies in random sequences, as well as some of t,he significant results rcporte<i 

·} · in ESP guessing experiments; (c) Spencer Br~w~ produces evidence to show 
ihat anomalous (significant) departures from probability theory can '. 
·obtained b)' matching colu'mns of random numbers (39). 

;.,;. 

•, 
; A ,detail(id examination of these points''Wil.s undertaken by Scott (64). 

V17ith respect to "doctored" sequences, Sceitl showed that the maxirnu 
error due to rejected (edit~d)_ sequences would not affect interpretatio~. 
of results which are m6re tha'f1 marginally significant and could, in fact, 
increase the likelihood of J11aking a Type II error. On the hypothesis th 
ESP resuJts are due to son:ie kind of hyper-regularitr affecting both t 
target' sequence. and Jhe .res'ponse (guess) sequence simultaneously ano 
similarly, Scott make{the point that this would lead to the expectation "f 

similar r,esults from' ·mat¢h'ing any set of humanly produced random 
quences. The cross<heck type'of control series and the Greenwood chanu: 
control. series descri.bed earlier·demonstrate that this is not the case. The 

-·anomaffe~ r~port~'cfby Spencer B~own (68), obtained by arbitrarily matchi ; 
columns :t>f random. num'f?ers, have been criticized on the basis of post h . . · 

,,,;_ · ,;se~ect,ion (40) and illustrate not that there ~\'Te fundamental defects in prob-
. '"abiHty theory,· ',but ra'ther. that significant deviations from chance c 1 

·.occur in any data wher~ hypotheses and analyses are not specified in ad\'an~-· 
. ' , Th(mo~t recent phase of the ESP controversy centers on the hypothesis 

"'"" ,'.·: :. of itl\'eitigator frau·dr.This argument was most forcefully presented ir 1 

, . . : · lead art\Ck in Science;· eriti,tled "Science and the Supernatural," by G. 

. :··.'.·., ... ~.~-_; .• :.

1

.:.:.:.~.r.·_:.'..:.i.t.~L:·:·:···:. .. 
1
.·=·.:··.:.· ... ~.-.:.:.•

1

'.·.:.·.·,~,~.·:·.~.~.:, .. : .. l .. _~.:: .,,;)~;~; Jf ~At}ti,;~;:;~~:;'.~.:;~;.h:~:.:;:. :h~~:-; 
.,. : ... ". ''.= ·,.· ... •.": ',• .~ of.af_i.~_J~e5!Jv{imoun!, of careful experir:ientation and intelligent 

argumenlation. : •. Against all this evidence, almost the only def e. ~ 
l ' ..\- •• ~ • ; • 
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i 
of significance attached to some of the reported jESP investigations wo:.:lci 
necessitate postulating astronomical numbers of! "chance" trials in orccr 
to dilute the overall de\'iations to chance. To tajke one example, consir:cr 
the Pearre-Pr;Ht series of 1,850 trials which yielcl¢d f> = 10-~2• As Soal a:,d 

I 

Bateman (6G) pointed out, it is difficult to belie~e that 1010 (ten 1ho11s2:1d 
mi 11 ion) sets of I ,850 trials cou Id have possibly been carried out bet ween 
1934 and 1940 (or, for that matter, since 1940). But, as Soal and Baterr:an 
suggest," ... if we posit this absurd estimate as a~ upper limit [with ove:-all 
chance totals), that would SLill give us odds of 10)0 ... against the supix•si
tion that the Pearce-Pratt results were a run of ppre luck." 

The possibility of obtaining significant "extrac}iance" results by stopp:ng 
an experimental series at "favorable" points was\ also raised (9, 31). While 
this "optional stopping" hypothesis was generally ~greed to be q(significa:-ice 
only in cases of marginally significant results, ~t led to the adoption of 
several procedural modifications: specification of ithe total number of trials 
in advance of data collection, or accumulation lof data in blocks of pre-
determined size. 1 

The possibility was raised by several critics th~t hand-shuffled cards r..ay 
display a tendency to stick together or otherwisf produce patterns wh:ch 
could produce spurious results (24, 82). While ttje cross-check type of rnn
trol series, described earlier, failed to reveal an!y evidence of pa:terni:ig, 
there was a general trend away from hand shufflfng in the later publis:-:ed 
studies, which utilized tables of prepared random numbers as a basis for 
generating target sequences. ' 

There was-and is (e.g., 15)-a rather widesr.read .l;>elief that most of 
the evidence supporting the ESP hypothesis oriipnated in the Duke l"ni
versity studies and that most independent replicat~ons by other investigators 
were nonconfirmatory. A survey of the publishep literature between 1934 
and 1940 fails to support this claim. Table 2 sho~s all the publis~ed ex~ri
mental reports during this period which providfd statistical treatment of 
the data. Inspection of this table reveals that ~ majority (61 percent) of 
the outside replications report significant result~ (p < .OJ) and that the 
proportion of significant studies was not signific~ntly greater for the Duke 
University group (x2 = 1.70, 1 df). i 

By 1940,\ the active method-Ological 
controversy was o..•er. 

The issues raised were, £or the most part, legitimate, and investigators 
modified their procedures to safeguard their re1ults from methodological 
criticism. The major issues raised since 1940 centfr on alleged anomalies in 
probability theory and the hypothesis of widesp!read investigator fraud. 

Spencer Brown (68, 69) has suggested that st~tistically significant card
guessing studies provide evidence, not of extrasen'sory modes of communica
tion, .but of fundamental defects in probabilit~ theory. He JJ)akes three 
criticisms of random number sequences: (a) ppblished random number 
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the paradigm ;ire seldom made: anomaiies :ire ignored. \-\'hen the ;rnom;ilics 
become sufficiently pcrsis1ent 1h;i1 they c:rn no longer be ignored. they 
;ire hotly disputed. Event11ally. ·a new par;idigm is 1ent.1tively crened 
1d1irh · atti·ans :i group of .1dheren1s, ;ind :i period of crisis ensues which 
Kuhn c:ills ;i p;ir:idigm clash. 

1 n th~s review I have f ocusecl at wrnc lcngt h 011 the perio<l of the 
1930s, no't because it provides the hc~t :iYaibhlc evidence for ESP or 
1he best understanding of the prores5e~ underlying its operation-it does 
neither, ,but rather because it w:is cluri,ig this period that the major 
rnbstanti~c methodological issues were raised and to a large extent con
sensually resolved. Since 1940, well Ol'er 10,000 journal pages devoted to 
par<1psychological research have been published. ;ind at least 250 experi· 
mental s.tudies h:i,·e been reported. The methodological foundations of 
the rese.irch have gradually diversified, enlarging and enriching the scope 
of inquiry and providing a basis for more sophistirnted study. Automaterl 
testing equipment has replacect card-guessing in forced-choice ESP tasks, 
and quantitative methods have been developed for the objective assessment 
of psi interactions in nonguessing tasks. Psyrhophysiological techniques, 
permitting determination of psi-optimal organismic states, have been in
troduced and utilized in conjunction- with experimental methods more 
closely approximating the conditions ·under which psi interactions occur 
in vivo. More important, parapsychological investigators have to a large 
extent shifted their' attention away from the "proof-oriented" appro;ich, 
which can only reaffirm the presence of anomaly, tow;ird systematic at
tempts to identify the antecedent conditions necessary for the occurrence 
and dttection of psi interactions, the delineation of positive attributes, 
and the· study of individual differences. Only through the pursuit of such 
"process-oriented" research can we ever hope to ;ichieve the goals of control. 
assured replicability (or at least predictability), and eventual understanding. 
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"FUTURE TELLING": A META-ANALYSIS OF 
FORCED-CHOICE PRECOGNITION 

EXPERIMENTS, 1935-1987 

BY CIIARLES l !ONOR'l'ON AND DIANE C. ·FERRARI 

ABSTRACT: We report a meta-analysis of forced-choice precognition experiments 
published in the English-language parapsychological literature between 1935 and 
1987. These studies involve attempts by subjects to predict the identity of target 
stimuli selected randomly over intervals ranging from several hundred milli
seconds to one year following the subjects' responses. We retrieved 309 studies 
reported by 62 investigators. Nearly two million individual trials were contributed 
by more than 50,000 subjects. Study outcomes arc assessed by overall level of sta
tistical significance and effect size. There is a small, but reliable overall effect (z 
= 11.41, p = 6.3 X 10- 25). Thirty percent of the studies (by 40 investigators) are 
significant at the 5% significance level. Assessment of vulnerability to selective re
porting indicates that a ratio of 46 unreported studies averaging null results would 
be required for each reported study in order to reduce the overall result to nonsig
nificanee. No systematic relationship was found between study outcomes and eight 
indices of research quality. Effect size has remained essentially constant over the 
survey period, whereas research quality has improved substantially. Four moder
ating variables appear to covary significantly .with study outcome: Studies using 
subjects selected on the basis of prior testing performance show significantly larger 
effects than studies using unselected subjects. Subjects tested individually by an 
experimenter show significantly larger effects than those tested in groups. Studies 
in which subjects are given trial-by-trial or run-score feedback have significantly 
larger effects than those with delayed or no subject feedback. Studies with brief 
intervals between subjects' responses and target generation show significantly 
stronger effects than studies involving longer intervals. The combined impact of 
these moderating variables appears to be very strong. Independently significant 
outcomes arc observed in scv<:!n of the eight studies using sclcclcd subjects, who 
were tested individually and received trial-by-trial feedback. 

Precognition refers to the noninferential prediction of future 
events. Anecdotal claims of "future telling" have occurred through
out human history in virtually eve1·y culture and period. Today such 

This work was funded by SRI International and the John E. Fetzer Foundation . 
We wish to thank our PRL colleague George P. Hansen, who is primarily responsible 
for retrieving the swdies used in the meta-analysis. We arc gratcf"ul to Edwin C. May, 
.Jessica Utts, a11d lo livl' a11011y111011s reviewers al SRI for valuable con1mellls 011 an 

earlier draft ol' this report. Valuable comments were also made by Ephraim Schechter 
and by three anonymous referees. The division or authorship responsibility is as fol
lows: Honorton is responsible for the design of the meta-analysis, definition of study 
coding criteria, the actual analyses, and the report itself. Ferrari coded the individual 
rcsean:h n:porrs in u,nsulta1io11 with I lo11or1,,., and/or I l;111.sc11. 
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claims arc gc11crally believed lo he based Oil E1uors s11ch as dcli1sim~, Ia1cd. Studies IIS!llg OlltCOlll\ variables olh\''." tha11 dir~·cl hit1ing. suc.h_ 
irrationality, and superstitious thi11ki11g. The co11cep1. ol precog-111- as run-score vanance and d1~pl'.1ceme'.1t elfect~, are 1.ncl~1<led only if 
tion runs counter to accepted notions of causality and appears to the report provides releva~~ mforma~10n ~n direct hits (1.e., num~er 
c~flict with current scientific theory. Nevertheless, over the past of trials, hits, and probability of a hit). Fmally, we exclude stud1<):5, 
hjf-century a substantial number of experiments have been re- conducted by two investigators, S. G. Soal and Walter J. Levy, whoij 
p~ted claiming empirical support for the hypothe_sis of precog11i- work has been unreliable. . . 0 
ti@1. Subjects in forced-choice experiments, according to many re- Many published reports contam more than .one. expenm:1:t ~ 
p6hs, have correctly predicted to a statistically significant degree the experimental unit. In experiments involving mult1ple cond1~1?n~ 
i~tity (or order) of target stimuli randomly selected at a later significance levels and effect sizes are calculated for each condlt!o~ . ., 
t1,ie- . . . . . . ;;tJ 

!!,Ve performed a meta-analysis of forced-choICe precog111t1011 ex- Outcome Measures ~ 
pj·iments published in the English-language research literature be- :g 
t,~en 1935 and 1987. Four major question~ were _addressed Significance level. Significance levels (z sc?res) ~ere calculated_1:~ 
t}l);l)ugh this meta-analysis: ( 1) ls there overall evidence lor accurate each study from the reported number of tnals, hrts, and probabrh~ 
t,~get iden.tification (abc~vc-chance l_1iuing.) __ in cxpe1~.mc11'.al_ prc.c'.Jg- of' success using .the. normal approxi~a_tion to the ?in~mial dist~ 
nic;on studies? (2) What 1s the mag111tude ot the ?v~r all pr ecogmuon bution with contmmty correction. Posmve z scores md1Cate a~ovi 
ef,ct? (3) Is the observed effect related to v~nat10ns m m~th~do- chance scoring, and negative z scores reflect below-chance scormg.::.;: 
logical quality that could allow a more co11ve11t1C'.11al exp_la11a11011r' \11) l!,jj'ect size. Because most parapsychological experiments, partif.' 
Dffs precogniti?n performance _v.''.ry syste1:1atJcal~y wrth pote.ntial ularly those in the older literature, have used the tria_l ra~her thati, 
111~le1·ati11g v'.11.·1abk:s, suc_h as cit! kr~:nces 111 sul~Jeel .P'.>l!ula_11~>1is, the subject as the sampling unit, we use a u·i~tl-based esuma:o_r ~ 
st1,jrnlus concl1trons, ex pen mental seumg, knowledge of I e_suhs., ,md effect size. The effect size (ES) for each study 1s the z score d1v1dei;b 
ti1~ interval between subject response and target general!on? by the square root of the number of trials in the study. 1 ~ 
~ w 
w m 6 DELINEATING THE DOMAIN General Characteristics of the Domain g 
0 ~ 

R;;;,.irvnl of Stur/i,,s We located :HJ9 .studies in I 13 separate publications. These stu4E 

~ . . . ies were contributed by 62 different senior authors and were pu~ · 
gparapsychological research is still ~cade~1cally taboo, an? it ~s lished over a 53-year period, between 1935 apd 1987. Considerinm 

--1,u~-k€~-the.re . .ha.v.e.~a~ta~wns a~d rb:ses _m~--- ··---·---····-·-····-··---~------Tiie half-century tune-span ·over whicntnepTe·cog"ni1tone-.5cperime11~-
ar§. that have escaped pubhcat10n. Our retne:'al of s.tud1es for this were conducted, it is not surprising that the studies are very .diverslO 
mBa-analysis is therefore ba~ed on the published !1terature. The The database comprises nearly two million individual trials ang-
st@ies include all forced-cho'.ce precogmuon experiments_ appear- more than 50,000 subjects. Study sample sizes range ~from 25 t.O 

in~in the peer-reviewed Englrsh-language par~psychology JO~rnals: 297,060 trials (median = 1,194). The number of subjects rang¥ 
J o-.nal of Parapsychology, } ournal (a~d Proc~edzngs) of tl~e Society for from 1 to 29,706 (median = 16). The studies use a variety of met~ 
P_sychical Resrnrrh . .Jo111;nal of '.he Amer'.ca~1. S~uety Jo'.· p?,c;z.z~~il R1'..ff~1.rch._ odologie.s, ranging from guessing ESP cards an<: other card symb?ls 
l!-urofJean .Jounu~l <1 _J am/J.1y1Jwlogy (111cludmg the Rciwic.h J,1 Un °1. to automated random number generator expenments. The domam 
the Utrecht U111vers1ty Parapsychology Laboratory), ~rnd abstra_cts_ of encompasses diverse subject populations: the most frequently used 
peer-reviewed papers prese111ecl at Parapsycholog1ctl Assonat1011 · .· 

meetings published in Research in Parapsychology. 1 Elsewhere (Honorton, 1985), we have used the en:ect size index Cohen·~ h 
(Cohen, 1977), and one referee has 1;,sk~d th~t we exylam_ why we are now u1~n_g 

C · · Ji J l · z/Nw The answer is that h and z/N - yield virtually 1dent1cal results, and z!N 1s. ntena or nc usion . . . . 

Our review is rcs1ric1ccl to lixecl-lc11gil1 s111clies i11 which signili
cance levels and effect sizes based on direct hitting can be calcu-

computationally simpler. For the_ pr_esen_t sample of 309 precognitmn _st~d,es, the 
mean difference belwcen t.he 1wo mdICes 1s .000'17, ;md the slandard dcv1,at1on of the 
diffen.:111.:e is .O~ti: 1(308) = 0.'.11~. p = .75(i, two-tailed. The corrdatiou bct1vecn the 
two indices is .97. 
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TABLE l 
OVERALL SIGNIFICANCE LEVEL AND EFFECT SIZE 

z ES 

Mean 
:t:=, SD 

"O Lower 95% confidence estimate 

0.65 
2.68 
0.40 

0.020 
0.100 
0.011 

"O 

0 
< 
(D 
a. 
"Tl 
0 ., 

Combined z = 11.11, p = G.3 x 10 _,,. 

"Fail-safe N" = 14,268 

t(ES) = 3.51, 308 df, p = .00025 

~ population is students (in approximately 40% of the studies); the 
re least frequently used populations ar.e the experimenters themselves 
g: and animals (each used in about 5% of the studies). 
r-.> Though a few studies tested subjects through the mail, more typ
g ically su~jects were tested in person, either individually or in groups. 
2i Target selection methods included no randomization at all (studies 
:e:; using "quasi-random" naturalistic events), informal methods includ
~ ing manual card-shuffling or dice-throwing, and formal methods, 
(') primarily random number tables or random number generators. 
)> The time interval between the subjects' responses and target gen
;;o eration varied from less than one second to one year. 
CJ 
"C 
CD 
a, 
I 

0 
0 

OVERALL CUMULATION 

~ Evidence for an overall effect is strong. As shown in the top part 
~ of Table 1, the overall results arc highly significant. 2 Lower bound 
o (one-tailed) 95% confidence estimates of the mean z score and ES 
~ are displayed in the bottom portion of Table 1. 
o · Ninety-two studies (30%) show significant hitting at the 5% level, 
g and significant outcomes are contributed by 40 different investiga
~ tors. The z scores correlate significantly with sample size: r(307) = 
~ .156, p = .003. The mean number of trials for significant studies is 
J:.,. 34% larger than the mean number of trials for nonsignificant stud-

1es. 

2 The statistical analyses presented here were performed using SYSTAT (Wilk
inson, 1988). When I tests are reported on samples with unegual variances, they are 
cakulatcd iui11g tlae ~cpal'ale varia11c!'s wi1hi11 groups f'or lh<" crr,11· :11ul d<"gn·,·s of' 
freedom following Brownlee (1965). Unless otherwise specified, p levels are one
tailed. Combined z's are based on Stouffer's method (Rosenthal, I 984). 
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Virtually the same picture emerges when the cumulation is by~ 
investigator rather than study as the unit of analysis; the combine<l;;t:J 
z is 12.13, and 23 of the 62 investigators (37%) haYe overall out-g -
comes significant at the 5% leveL The mean (investigator)''effect size~ 
is 0.033 (SD = .093). g 

There is a significant difference in the mean ES across investi-8 
gators, but it is surprisingly small: Kruskal-Wallis one-way ANOV Ag 
by ranks, /(61) = 82.71, jJ = .034. The effect is clearly not due to~ 
a few major contributors. If investigators contributing more than.llo,. 
three studies are eliminated, leaving 33 investigators, the combined 
z is still 6_.00 (p = 1.25 x 1 o-!') and the mean ES is .028 (SD = 
.O~l I). Figure 1 shows the mean effect sizes by investigator. 

These results indicate substantial cross-in\'estigator replicability 
and directly contradict the claim of critics such as Akers (1987) that 
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successful parapsychological 0111comcs arc achieved by only a kw 
investigators. 
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by lhc nt11l hyporhcsis. Since the variance or the normal truncated 
above 1.65 is .14, the lest z (using the Central Limit Theorem) com-

,. paring 3.61 to 2.06 is 39.84 [1.55 divided by (.14/92) 112
]. Here, pis 

jhe hledrawer Problem virtually zero. Similar results are found with cut points of 1.96, 2.33, 
-o and 2.58. -6" 
o . A wel_I-kn~wn reporting bias exists throughout the behavioral On the basis of these analyses, we conclude that the cumulative~ 
i 1:nces favoring publ!cation o~ "significant" studies (e.g., Sterling, significance of the precognition studies cannot satisfactorily be ex- ~ 
~fb9). The extreme_ view of this "filedrawer problem" is that "the plained by selective reporting. [ 
Jurnals _are filled with the 5% of the studies that show Type I er- "Tl trs, wh_ile the filedrawers back at the lab are filled with the 95% of ~ 
_ e StU~l~S that s?ow nonsigni~ca~ce ... " (Rosenthal, 1984, p. l 08). OUTLIER REDUCTION ~ 
leco~'.11~111g_ the l~nportance of tlus P'.·oble~, the P_arapsychologica] re 
lssoc1,1t1on m 1915 adopted an offioal policy agamst selective re- · "' 
htlrting of posi·ti·ve r It :i E · . t· h h 

1 
. . Although the overall z scores and effect sizes cannot reasonably CD 

0 - esu s. xammation o t e parapsyc o og1cal ht- . . . · . . r-.> 
m-ature shows tll·it 11011.·g 1·fi .. t .. 1 . . . r·. 

1 1 1
. 

1 1 
be attributed to chance, mspecuon of the standard deviations 111 0 w' . · , SI I l lC,111 !CSU ls ,lie 1equent. y pu) IS IC(, . •. . .•. ,. . . . . . . . 0 

~d m the precogniti·on databa 7001 t· h d" h 
I 

l able 1 mdICates that the study outcomes a, e extI emely heteroge- w 
e• , se, 10 o t e stu 1es ave reportec . . . . · . -
~msignific--1111 i·c·stilrs Nc·vc·i·rlic·I ... 7r:01 1- 11 . . . 1. neous. Given the d1vers1ty of methods, sub1ect populauons, and o _.. • _, , . • . - - css, .) /(JO IC p1ecog-11111011 S(II( ll'S · · · . · · • .llo, 
~re published befoi·e 1975 and "'e 11 ·t . k t h I olher sludy lealures that characterize this research domam, tlus 1s ::.;: 

, " 1 us as o w at extenl se ec- . . co 
· · bl" . · b"· . · . . . not surpnsmg. Pre pu IC<1Uon 1<1s could account for Lhe cumulauve effects we ob- , . 
§>rve. 1 he stud~ outc_om:s are 1~ fact extrem~ly_ heterogeneous. Al- Q 
;;o The ccnlra] section or Table J uses Roscnlhal's (l!l?ld) "foil-sa!"c tho_ug~_a m~1or 0~1ec_t1ve of this _meta-an~lys1s 1s to _account for ~he t" 
,. slatistic to estimale the number of unreported sludies wilh z vanab1hly across studies by blocku_1g 011 d11lere11_ce~ m study quality, ~ 
500res averaging zero that would be necessary to reduce the known procedural features, and sampling charactenstICs, the database "C 

@tabase to nonsignif-icance. The filedrawer estimate indicates that clearly contains extreme outliers. The z scores range from - 5.1 to ~ 
~er 46 unreported studies must exist for each reported study 10 19.6, a 25-si~ma spread! T~e st_andar~iz~d i~dex of kurtosis (1;2 ) is g 
iduce _the cumulative outcome to a nonsignificant level. ~.4 7, suggestm? tl:at t_he tails of the d1stnbut1on are much too long ~ 
;;tJ A different approach t<~ ~he filedrawer problem is described by for a nor_m~l d1stnbut1on. . . . " . ~ 
&wes, Landman, and Williams ( 1984; personal communication We ehmmated the extreme outliers by performmg a IO percent o 

· wm·-fnrwes-to-ttonorton-;july--f-4";-~:--'f'treir---rrancarect-norm--at··-- ---·----· -·-···-------- -. ..trim''_.on....th.e__s_tu_d_y_,Ls.c.ore_s_{Barnett & Lewis, 19-7J2l,_Th.i~j!!__volves -~ 
~rve analysis, like Rosenthal's "fail-safe N," is based 011 normal eliminating studies with z scores in the upper and lower 10% of the o 
cwrve assumptions. Their null hypothesis is that z scores above some distt"ibution, and results in an adjusted sample of ~48 studies. The g 
~tical level (e.g., z = 1.65, 1.96, etc.) are randomly sampled from trimmed z scores range from - 2.24 to 3.21 (g2 = - 1.1). ~he re- ~ 
~0,1) above that critical level. The alternative to the null hypothesis vised z scores and effect sizes are presented in Table 2. ~ 
1~that, because there is some real effect, the distribution of z's is Elimination of extreme outliers reduces the combined z scores by Ji., 
shifted to the right of O and the z's will be larger than predicted by approximately one half, but the outcomes remain highly significant. 
the null. For a critical level of z = 1.65, the expected mean z is 2.06 Twenty-five percent of the studies (62/248) show ov·erall significant 
and the variance is .14. In the precognition database, there arc 92 hitting at the 5% level. Lower bound confidence estimates show that 
studies with z's > 1.65. Their average is 3.61, not 2.06 as predicted the mean z's and effect sizes are above O at the 95% confidence level. 

Eliminat\on of outliers reduces the total number of investigators 
from 62 to 57, but the results remain basically the same when the 
aualyst.:s are based on in\"estigators rather than studies. The com
bined z is 6.84; 18 of the 57 investigators (31.6%) have overall.sig-

"Analrses indicate no significant difference in the magnitude of reported study 
oulconH.'S hcfnn• and afrcr l!J7:-,. Tlw mra11 1-:S r<>r s111cli,·s pri<>r I<> 1!17:, is O.O~J (Sf) 
= .O!J!J), amt for swdies reported thereafter the mean is U.017 (SU = . !Ou): 1(307) 
= 0.28. /1 = . 782. two-tailed. 
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TAaLE 2 
SIGNIFICANCE LEVEL Al\"D EFFECT SIZE FOR TRIMMED SAMPLE 

z ES 

Mean 

51> 
L~er 95% confidence estimate 

0.38 
1.45 
0.23 

0.012 
0.065 
0.005 

"O 

0 
< 
(D 

"Tl 

Combined z = 6.02, p = I. I x 10-" 

t(ES) = 2.!lO, 2,17 t!J; jJ = .002 

niS}:ant outcomes at the 5% level. The mean (investigator) ES is 
0.()20 (SD = .05). 

~or the trimmed sample, the difference in ES across investiga
to@ is not significant: Kruskal-Wallis one-way A NOV A by ranks, 
/~6) = 59.3-:1, p = .355. If investigators contributing more than 
th:me studies are eliminated, leaving 37 investigators, the combined 
z i~still 5.00 (P = 3.0 x 10- 7

) and the mean ES is 0.022 (SD = 
.Oj). Figure 2 shows the mean effect size by investigator. 

~hus, elimination of the outliers does not substantially affect the 
co~lusions drawn from our analysis of the database as a whole. 
Tl"(qre clearly is a nonchance effect. In the remainder of this report, 
we:tiise the trimmed sample to examine covariations in effect size 
anlha variety of methodological and other study features. 

CJ 
"C 
CD 

Cf> STUDY QUALITY 
0 
0 
~ecause target stimuli in precognition experiments are selected 

on~ after the subjects' responses have been registered, precognition 
stu()ies are usually not vulnerable to sensory leakage problems. 
Ot~r potential threats to validity must, however, be considered. 
Thg problem of variations in research quality remains a source of 
corm-oversy in meta-analysis. Some meta-analysts advocate eliminat
in~ow quality studies whereas others recommend empirically ac
cescng the impact of variations in quality on study outcome. Rosen
thaJ:: ( 1984) points out that the practice of discarding studies is 
equivalent to assigning them weights of zero, and he recommends 
weighting study z scores in relation to ratings of research quality. 

Study Quality Criteria 

Ideally, the assessment of study quality should be performed by 
knowledgeable specialists who are blind to the study outcomes, In 

~ . ~ 
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Figure 2. Mean effect size by investigator for trimmed sample. N = 57 in- ~ 
vestigators. ~. 

• I 

practice, this is usually not feasible, particularly \\'hen, as in the pres- g 
ent case, large numbers of studies are involved. For our analysis of ~ 
study quality, statistical and methodological variables are defined ~ 
and coded in terms of procedural descriptions (or their absence) in g 
the research reports. This approach· was used in an earlier meta~ ~ 
analysis of psi ganzfeld research (Honorton, 1985), and it led to g 
study quality ratings that were generally in agreement, r(26) = .766, 8 
p = 10-n, with independent "Haw" ratings by an outside critic (Hy- g 
man, 1985). ~ 

One point is given (or withheld) for each of the following eight J:.. 
criteria: 

Specificc;,tion of sample size. Does the investigator preplan the num
ber of trials to be included in the study or is the study vulnerable 
to the possibility of optional stopping? Credit is given to reports that 
explicitly'specify the sample size. Studies involving group testi.ng, in 
which it is not feasible to specify the sample size precisely, ~re also 

YI 
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given credit. 
is either not 
port. 

The J oumal of Parapsychology 

No credit is given to studies in which the sample size 
preplanned or not addressed in the experimental re-

Preplanned analysis. Is the method of statistical analysis, including 
-6" the outcome (dependent variable) measure, preplanned? Credit is 
~ given to studies explicitly specifying the form of analysis and the 
~ outcome measure. No credit is given to those not explicitly stating 
[ the form of the analysis or those in which the analysis is clearly post 
"Tl 
0 

hoc. 
., Randomization method. Credit is given for use of random number 
~ tables, random number generators, and mechanical shufflers. No 
re credit is given for failure to randomize (i.e., use of "quasi-random 
g: natu·ralistic events") or for informal methods such as hand-sh uflling, 
r-.> die-casting, and drawing lots. 
g ControL1·. Credit is given to studies. reporting randomness control 
2i checks, such as random number generator (RNG) control series and 
:e:; empirical cross-check controls. ..... 
co Recording. One point is allotted for automated recording of tar-
() gets and responses, and another for duplicate recording. 
5> Checking. One point is allotted for automated checking of 
;;o matches between target and response, and another for duplicate 
~ checking of hits. 
CD 
a, 
I g Study Quality Analysis 
...... 
co 
~ Each study received a quality weight between O and 8 (mean -
o 3.3, SD = 1.8). We find no significant relationship between study 
~ lj ti a] j _{y. and K') ." _L( '.! ·I <iL = ·-·· () 8 W1 . = -·· '.! () 2..,_D'l'.U.cJ.aili:1.L'l11.L'i.1.cil(.LJ.:.!.1C)"-.. ~--
0 for study outcomes to correlate positively with study quality has the 
g consequence that the quality-weighted z score of 6.26 is slightly 
~ larger than the unweighted z of 6.02. Table 3 shows the correlations 
g between effect size and each of the eight individual quality meas-..... . 
.J:,. ures."1 The mean effect sizes by quality level are displayed graphi-

cally in Figure 3. 

•
1 The correlation between ES and study quality is also nonsignificant for the un

trimmed sample of 309 studies: r(307) = - .060, /' = .289. The quality-weighted z 
score is 7.38: /1 = 2.32 x Io-•,. I-lowcvcr, three of the individual quality measures 
arc significamly related LU pcrfurmaucc. Coutrols aud duplicate checking cmTclatc 
significantly positively with ES, and randomization correlates significantly negatively 
with ES. These correlations appear to be due to a few studies with z scores that are 
extreme outliers (z > 7). When the IO studies with z > 7 are eliminated, the signifi
cant corrcl:uions between quality and ES disapp<'ar. 
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TABLF. 3 
CORRELATIONS ilETWEEN EFFECT SIZE AND QUALITY fv!EASURES 

Quality measure r(246) ~ 
"O 

Sample size specified in advance 
"O 

- .100 ., 
0 

Preplanned analysis - .001 < 
(D 

Randomization - .011 a. 
Co111n,ls .058 "Tl 

Automated recording .169 0 ., 
Duplicate recording .047 ~ 
Automated checking .136 iD 
Duplicate checking .078 II) 

t/1 
(D 

Quality Extremes ~ 
0 
(.) 

Is there a tendency for extremely weak studies to show larger ~ 
effects than exceptionally "good" studies? Analysis on the extremes ::.:: 
of the quality ratings indicates that this is not the case. ~ 

This analysis, based on the untrimmed sample of 309 studies, Q 
uses studies with quality ratings outside the interquartile range of t" 
the rating distribution (median = 4, Q1 = 2, ~ = 5). There are 56 ;;tJ 

"low-quality" stud_ies (ratings of 0-1) and 35 "high-quality" studies ~ 
(ratings of 6-8). The high-quality studies have effect sizes that are ~ 
not significantly lower than the low-quality studies; the ES means g 
are 0.017 (SD = 0.063) and 0.037 (SD = 0.137), for the low- and ...,. 
high-quality studies, respectively: t(82) = - .92, p = .358, two- gg 
tailed. ~ 

·ftrrrdity-tfrtrirrtimr-i,rf'-1rfrti:nrmm-S7mrce:,·- -- ----·· -···· 
0 
(.) 

-··.;.;.;i.,-···-·· 

b 
0 
0 
(.) 
0 
0 
0 

Precognition ES is not significantly related to source of publica
tion: Kruskal-Wallis one-way ANOVA; x2(4) = 0.78, p ;; · .942. 
However, the sources of publication differ significantly in study 7" 
quality: Kruskal-Wallis one-way ANOVA, /(4) = 17.19, p = .002 . .Ill, 

This is due largely to the lower quality of studies published in the 
Journal of the Society for Psychical Research and in Research in Parapsy
clwlogy. 

Study Quality Jn Relation to Year of Publication 

Precognition effect size has remained constant over a half-cen
tury of' research, even though the methodological quality of th'e. re-
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Figure]!. Precognition effect size in relation to study quality, with 95% con-
fidenc~imits. N = 248 studies. 

I 
0 

searc~as improved significantly during this period. The correla-
tion b@ween ES and year of publication is - .071: t(307) = - 1.25, 
p = .~, two-tailed. Study quality and year of publication are, how
ever, @sitively and significantly correlated: r(246) = .282, p = 2 x 
10-1

, ~o-tailed. 
Cr~cs of parapsychology have long believed that evidence for 

parap~hological effects disappears as the methodological rigor in
creasegThe precognition database does not support this belief. .... 

.I:,. 

"REAL-TIME" ALTERNATIVES TO PRECOGNITION 

Investigators have long been aware of the possibility that precog--
1ition effects could be modeled without assuming either time rever
;al or backward causality. For example, outcomes from studies with 
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targets based on indeterminate random number generators (RNGs) 
could be due to a causal influence on the RI'-,IG-a psychokinetic 
(PK) effect-rather than information acquisition concerning its fu
ture state. In experiments with targets based on prepared tables of 
random numbers, the possibility exists that the experimenter or 
other randomizer may be the actual psi source, unconsciously using 
"real-time" ESP combined with PK to choose an entry point in the 
random .number sequence that will significantly match the "sub
ject's" responses. While the latter possibility may seem far-fetched, 
it cannot be logically eliminated if one accepts the existing evidence 
for contemporaneous ESP and PK, and it has been argued that it is 
less far-fetched than the alternative of "true" precognition. 

Morris ( 1982) discusses models of experimental precognition 
based on "real-time" psi alteqrntives and methods for testing "true" 
precognition. In general terms, these methods constrain the selec
tion of the target sequence so as to eliminate nonprecognitive psi 
intervention. In the most common procedure, attributed to Mangan 
( 1955), dice are thrown to generate a set of numbers that are math
ematically manipulated to obtain an entry point in the random num
ber table. This procedure is sufficiently complex "as to be appar
ently beyond the capacities of the human brain, thus ruling out PK 
because the 'PKer' would not know what to do even via ESP" (Mor
ris, I 982, p. 329). 

Two features of precognition study target determination proce
dures were coded to assess "real-time" psi alternatives to precogni- .. 
tion: method of determining random number table entry point and 
use of Mangan's method. 

Methods of eliminating "real-time" psi alternatives have not been 
used in studies with random number generators and have only been 
used in a small number of studies involving randomization by hand
shuffling. These analyses are therefore restricted to studies using 
random number tables (N = 138). .,, · 

Mf'thorl of" Detrnninin~ RNT Enl1y Point 

The reports describe six different methods of obtaining entry 
points in random number tables. If the study outcomes were due to 
subjects' precognitive functioning rather than to alternative psi · 
modes on the ,p·art of the experimenter or the experimenter's as~ 
sista11ls, there should be 110 difference i11 mean effect size acn>ss the 
various methods used to determine the entry point. Indeed, our 
analysis indicates that the study effect sizes do not vary systema'ti-
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cally as a function of method of determining- the entry poi111: Kn1s
kal-Wallis one-.way ANOVA by ranks: x\5) = 7.32, p = .1~8. 

-6" Use of Mangan 's i\!/ ethod 

"O o We find no significant difference in ES between studies using 
[ complex calculations of the type introduced by Mangan to fix the 

random number table entry point and those that do not use such 
~ calculations: t(45) = 0.38, p = .370, two-tailed. 

~ 
CD 
II) MODERATING VARIABLES 
t/1 
(D 

~ The stability of precog-nition study outcomes over a 50-year pe-
8 riod, which we described earlier, is also bad news. It shows that in
c vcstigators in this area have yet to develop suf"ficient understanding 
j: of the conditions underlying the occurrence (or detection) of these 
~ effects to reliably increase their magnitude. We have identified four 
(') variables that appear to covary systematically with precognition ES: 
)> (l) selected versus unselected subjects, (2) individual versus group 
;;o testing, (3) feedback level, and (4) time interval between subject re
~ sponse and target generation. 
~ The analyses use the raw study z scores and effect sizes; we 
6 found that this results in uniformly more conservative estimates or 
~ relationships with moderating variables than when the analyses are 
gg based on quality-weighted z scores and effect sizes. 

~ 
8 Selected Versus Unselected Subjects 
;;;..1,· --·-··-·-··- --- ··-·--··-··-··--·--··--- -----·---··----- --

0 
g Our meta-analysis identifies eight subject populations: unspeci-
~ fied subject populations, mixtures of several different populations, 
ganimals, students, children, "volunteers," experimenter(s), and se-
7" lected subjects. 
.llo,, Effect size magnitude does not vary significantly across these 

eight subject populations: Kruskal-Wallis one-way ANOVA, x""'-(7) = 
10.90, p = .143. Effect sizes by subject population are displayed in 
Figure 4. 

However, studies using subjects selected on the basis of prior 
performance in experiments or pilot tests show significantly larger 
effects than studies using unselected subjects. As shown in Table 4, 
60% of the studies with selected subjects are significant at the 5% 
level. The mean z score for these studies is 1.39 (SD = l .'10). The 
ES is significantly higher for sclectcd-sul~jects studies than fo1: siud-

I\ kl r'la-1\ urilvsis of For{('r/-C/,oir·r, f>rr'rog11ilio11 Fxjl('1·i111r11ts 
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Exptr •-
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~ 

.§. 
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g_ 
8.. S1 udcnts ,_ 
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Figure -1. P1·ecog-11itio11 effect size by subject population, with 95% confi
dence limits. N = 248 studies. 
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ies with unselected subjects. The t test of the difference in mean ES CD. 

is equivalent to a point-biserial correlation of .198. · ~ 
Docs this difference result frnm less stringent to111rols in studies 8 

with selected subjects? The answer appears to be "No." The average ~ 
quality of studies with selected subjects is higher than studies using §. 

0 

TABLE 4 
SELECTED VERSUS UNSELECTED .SUBJECTS 

N studies 
Combined z 

Studies with P. < .05 

Mean ES 
SD,-s 

1(24G) 3.1 (i, /1 

Selected 

25 
6.89 
60% 

.051 

.075 

.001 

Unselected 

223 
4.04 
21% 

.008 

.063 

0 
0 ..... 
.I:,. 
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TABLE 5 
INDIVIDUAL VERSUS GROUP TESTING 

Individual 

:t:=, N studies 97 
-o Combined z !i.G4 
~ Studies with p < .05 30% 
0 
~ Mean ES .021 
a. SDES .060 
"Tl 
~ t (200) = 1.89, p = .03 

;;o 

Group 

105 
1.2!) 

19% 

.004 

.066 

iS unselected subjects: t(27) = 1.51, p = .142, two-tailed. This result 
: appears to reflect a general tendency toward increased rigor and 
CD more detailed reporting in studies with selected subjects. 
r-J 
0 

8 Individual Versus Group Testing -0 
.llo,, 
::.:: Subjects were tested in groups, individually, or through the mail. 
~ Studies in which subjects were tested individually by an experimen
Q ter have a significantly larger mean ES than studies involving group 
t" testing (Table 5). 
~ The t test of the difference is equivalent to a point-biserial cor
""C relation of .132, favoring individual testing. Of the studies with sub
~ jects tested individually, 30% are significant at the 5% level. g The methodological quality of studies with subjects tested indi
...,. vidually is significantly higher than that of studies involving group 
gg testing: t(l37) = 3.08, jJ = .003, two-tailed. This result is consistent 
~ with the conjecture that group experiments are frequently con-
8 ducted as "targets of opportunity" and may often be carried out 
~ hastily in an afternoon without the preparation and planning that 
g go into a study with individual subjects that may be conducted over 
~ a period of weeks or months. 
g Thirty-five studies were conducted through the mail. In these 
7" studies, subjects completed the task at their leisure and mailed their 
.llo,, responses to the investigator. These correspondence studies yield 

outcomes similar to those involving individual testing. The com
bined z score is 2.66, with a mean ES of 0.018 (SD = .082). Ten 
correspondence studies (25.7%) are significant at the 5% level. 

Eleven studies are unclassifiable with regard to experimental set
ting. ) .... 

• • I '~ • t 

·,,\, 
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TAUI.E (i 

FEEDBACK RECEIVED BY SUBJECTS 

Feedback of Results 

None Delayed Run score Trial-by-trial 

N studies 15 21 21 47 
Combined z -1.30 2.11 4.74 6.98 

. Studies with p < .05 0.0% 19.0% 33.3% 42.6% 

Mean ES -.001 .009 .023 .035 
SD,:s .028 .036 .048 .072 

Feedback 

A significant positive relationship exists between the degree of 
feedback subjects receive about their performance and precognitive 
effect size (Table 6). 

Subject feedback information is available for 104 studies: These 
studies fall into four feedback categories: no feedback, delayed 
feedback (usually notification by mail), run-score feedback, and 
trial-by-trial feedback. We gave these categories numerical values 
between O and 3. Precognition effect size correlates .231 with feed.: 
back level (102 df, p = .009). Of the 47 studies involving trial-by
trial feedback, 20 (42.6%) are significant at the 5% level. None of 
the studies without subject feedback are significant. 

Feedback level correlates positively though not significantly with 
research quality: r(l02) = .173, p = .082, two-tai)ed. Inadequate 
randomization is the most plausible source of potential artifacts in 
studies with trial-by-trial feedback. We performed a separate analy
sis on the 47 studies in this group. Studies using formal methods of 
randomization do not differ significantly in mean ES from...,those 
with informal randomization: t(l5) = 0.67, p = .590, two-tailed. 
Similarly, studies reporting randomness control data do not differ 
sig11ilica11tly i11 ES from those not including randomness controls: 
t( 42) = 0. 79, /1 = .436, two-tailed. 

Time Interval 

The interv~l between the subject's response and target selection 
ranges from less than one second to one year. Information about 
the time interval is available for 144 studies. This information, how-
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gg Figure 5. Effect size by precognition i11te1·val, with 95% confidence limits. 
~ N = I 44 studies. 
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~ ever, IS often. 1mprec1se. Our analysis or1ne-i'e1,1wi1lsh1p octXvcE11 _____ _ 

g precognitive ES and time interval is therefore limited to seven broad 
~ interval categories: milliseconds, seconds, minutes, hours, days, 
g weeks, and months. (Effect sizes by precognition interval are dis-
7" played in Figure 5.) 
.llo,, Although it is confounded with degree of feedback, there 1s a 

significant decline in precognition ES over increasing temporal dis
tance: r(l42) = --.199, p = .017, two-tailed. The largest effects oc
cur over the millisecond interval: N = 31 studies, combined z = 

6.03, mean ES = 0.045, SD = .073. The smallest effects occur over 
periods ranging from a month to a year: N = 7, combined z = 
0.53, mean ES = 0.001, SD = .049. 

Interestingly, the decline ol" precognition performance over in
c1·easi11g temporal dis1ances results entirely from studies usin~.'· 11-n-

1\ 1\/1·ta-t\11a(vsis o( Forrrd-C/1(/i/"I' l'n'rnK1tilio11 l'.
0

X/1rrimntls 2\J\) 

selected sul~jects: r(l 22) = --.215, /1 = .009. two-tailed. Studies with 
selected subjects show a nonsignilicant positive relationship between 
ES and time interval: r(l8) = .077, /> = .745. two-tailed. Although 
the difference between these two correlations is not significant (z = 
1.24), this suggests that the origin of the decline over time may be 
motivational rather than the result. of some intrinsic physical bound
ary condition. The relationship between precognition ES and feed
back also supports this conjecture. Nevertheless, any finding sug
gesting potential boundary conditions on the phenomenon should 
be vigorously pursued. 

Influence of Moderating Variables in Combination 

The above analyses examine the impact of each moderating var
iable in isolat.ion. In this final set of analyses, we explore their joint 
influence on precognition performance. For this purpose, we iden
tify two subgroups of studies. One subgroup is characterized by the 
use of selected subjects tested individually with trial-by-trial feed
back. We refer to this as the Optimal group (N = 8 studies). The 
second group is characterized by the use of unselected subjects 
tested in groups with no feedback. We refer to this as the Suboj,timal 
group (N = 9 studies). 

The Optimal studies arc contrih11tcd hy fotll" independent inves-
; tigators and the Suboptimal studies are contributed by two of the 
same four investigators. All of the Optimal studies involve short pre
cognition time intervals (millisecond interval); the Suboptimal stud
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ies involve longer intervals (intervals of weeks or months). All of the 
Optimal studies and 5 of the 9 Suboptimal studies use RNG meth
odology. The two groups ao not cl1ffer s1g111Ticarilly m average sam~-- · -~ 

~ 
0 
(.) 

pie size. The mean study quality for the Optimal group is signifi- g 
cantly higher than that of the Suboptimal studies: Optimal m~an = ~-
6.63, SD = 0.92; Suboptimal mean = 3.44, SD = 0.53; t(IO) = g 
8.63, jJ = 3.3 x 10-n, two-tailed. 

The combined impact of the moderating variables appears to be 
quite strong (Table 7). Seven of the 8 Optimal studies (87.5%) are 
independently significant at the 5% level, whereas none of the Sub
optimal studies are statistically significant. All four investigators con
tributing studies to the Optimal group have significant outcomes. 5 

'' 111 tin: u11tri111111cd sample of 30~ studies, then; are a total or 17 Optimal swdies. 
The mean ES is 0:117 {SD = .15'1), and the combined z is 15.84. The percentage of 
irnlcpenclcntly significant studies is virtually the same as it is in the trimmed sample: 
l :, or the 17 studies (88.2%) are sig11i(ica11t. · 

..... 
I 
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TABLE 7 
IMPACT OF MODERATORS IN COMBINATION 

"Optimal" studies "Suboptimal" studies 

N studies 
:t:=, Combined z 
'.g Studies with p < .05 

8 
6.14 

87.5% 
., 
~ Mean ES .055 
[ SD,:s .045 

"Tl 1(15) = 2.61, p = .Ol 
~ . T = .559 

~ 

9 
-1.29 
0.0% 

.005 

.035 

[ These results are quite striking and suggest that future studies 
g: combining these moderators should yield especially reliable effects. 
r-J 
0 
0 
(.) o SUMMARY AND CONCLUSIONS 

~ ..... 
co Our meta-analysis of forced-choice precognition experiments 
(') confirms the existence of a small but highly significant precognition 
)> effecL The effect appears to be replicable; significant outcomes are 
I ;;o reported by 40 investigators using a variety of methodological par-
~ adigms and subject populations. 
~ The precognition effect is statistically very robust: it remains 
6 highly significant despite elimination of studies with z scores in the 
~ upper and lower 10% of the z-score distribution and when a third 
gg of the r_emaining investigators-the major contributors of precog
~ nition studies-are eliminated. 
8 Estimates of the "filedrawer" problem and consideration of para
~ psychological publication practices indicate that the precognition ef
g feet cannot plausibly be explain<:<l 011 the basis or selectiv<: publica
~ tion bias. Analyses of precognition effect sizes in relation to eight 
g measures of research quality fail to support the hypothesis that the 
7" observed effect is driven to any appreciable extent by methodolog
.llo, ical Oaws; indeed, several analyses indicate that methodologically su-

perior studies yield stronger effects than methodologically weaker 

studies. 
Analyses of parapsychological alternatives to precognition, al-

though limited to the subset of studies using random number tables, 
provide no support for the hypothesis that the effect results ,,from 

.;.1 
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,he operation of contemporaneous ESP and PK at the time of ran
fomization. 

Although the overall precognition effect size is small, this does 
1ot imply that it has no practical consequences. It is, for example, 
if the same order of magnitude as effect sizes leading to the early 
.ennination or several m:uor medical research studies. In 1981, the 
\Jational Heart, Lung, and Blood Institute discontinued its study of 
)ropranplol because the results were so favorable to the propranolol 
.reatment that it would be unethical to continue placebo treatment 
Kolata, 1981); the effect size was 0.04. More recently, The Steering 
:::ommittee of the Physicians' Health Study Research Group (1988), 
n a widely publicized report, terminated its study of the effects of 
1spirin in the prevention of heart attacks for the same reason. The 
1spirin group suffered significantly fewer heart attacks than a pla
:ebo control group; the associated effect size was 0.03. 

The most important outcome of the meta-analysis is the identi
ication of several moderating variables that appear to covary sys
ematically with precognition performance. The largest effects are 
1bserve<l in studies using subjects selected on the basis of prior test 
>erformance, who are tested individually, and who receive frial-by
rial feedback. The outcomes of studies combining these factors con
rast sharply with the null outcomes associated with the combination 
,f group testing, unselected subjects, and no feedback of results. Be
ause the two groups of studies were conducted by a subset of the 
ame investigators, it is unlikely that the observed difference in per
ormance is due to experimenter effects. Indeed, these outcomes 
111derscore the importance of carefully examining differences in 
ubject populations, test setting, and so forth, before resorting to 
acile "explanations" based on psi-mediated experimenter effects or 
he "elusiveness of psi." 

The identification of these moderating variables has important 
nplications for our understanding of the phenomena and pr9vides . 
clea1- direction for future research. The existence of moderating 

ariables indicates that the precognition effect is not merely an 
.nexplained departure from a theoretical chance baseline, but 
ather is an effect that covaries with factors known to influence 
10re familiar aspects of human performance. It should now be pos
tbk to exploit these moderating !'actors to inn<:ase the magnitude 
nd reliability of precognition effects in new studies. 
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PSI COMMUNICATION IN THE GANZFELD 
EXPERIMENTS WITH AN AUTOMATED TESTIN(; S\'STEM 

AND A COMPARISON WITH A META-ANALYSIS 
OF EARLIER STUDIES 

:g BY CHARLES HON ORTON, RICK £. BERGER, MARIO P. V ARVOGLIS, ., 
0 · :tV[ARTA QUANT, PATRICIA DERR, EPHRAIM l. SCIIECI ITER, AND 
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ABSTRACT: A co111pu1er-controlled 1cs1i11g sys1e111 was used in 11 cxprri11w111s 011 

ganzfcld psi communication. The automated ganzfeld system controls target selection 
and presentation, subjects' bliud-judging, a11d data recording and storage. Video
taped targets included video segments (~ynamic targets) as well as single images 
(static targets). Two hundred and forty-one volunteer sul~jecls completed 355 psi 
ganzfeld sessions. The subjects, on a blind basis, correctly identified randomly se
lected and remotely viewed targets to a statistically significant degree, z = 3.89, p = 
.00005. Study outcomes were homogeneous across the 11 series and eight different 
experimenters. Performance on dynamic targets was highly significant, z = 4.62, /1 
= .0000019, as was the difference between dynamic and static targets, /1 = .002. 
Suggestively stronger performance occurred with friends than with unacquainted 
sender/receiver pairs, p = .0635. The automated ganzfeld study outcomes are com
pared with a meta-analysis of 28 earlier ganzfeld studies. The two data sets are con
sistent on four dimensions: oYerall success rate, impact of dynamic and static targets, 
effect of sender/receiver acquaintance, and prior ganzfeld experience. The combined 
z for all 39 studies is 7 .53, p = 9 x 10- 1

•. 

Research on psi communication in the ganzfeld developed as the 
result ol' earlier research s11ggcst i11g I lia1 psi !'1111c1 io11i11g is l'n·
quently associated with internal attention states brought about 
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through dreaming, hypnosis, meditation, and similar naturally oc
curring or artificially induced states (Braud, 1978; 1-lonorton, 1977). 
This generalization, based on converging evidence from sponta
neous case studies, clinical observations, and experimental studies, 

:t:=, led to the development of a low-level descriptive model of psi func-
:g tioning, according to which, internal attention states facilitate psi de-
0 tection by attenuating sensory and somatic stimuli that normally 
~ mask weaker psi input (Honorton, 1977, 1978). This "noise-reduc-
a. tion" model thus identified sensory deprivation as a key to the fre-
~ quent association between psi communication and internal attention ii states, and the ganzfeld procedure was developed specifically to test 
~ the impact of perceptual isolation on psi performance. , 
:g Fifteen years have passed since the initial reports of psi com-
g: munication in the ganzf'el<l (Braud, Wood, & Braud, 1975; 
~ Honorton & Harper, I 974; Parker, 1975). Dozens of additional psi 
8 ganzfeld studies have appeared since then, and the success of the 
o paradigm has triggered substantial critical interest. Indeed, there is 
j: at least one critical review or commentary for every ganzfeld study 
co reporting significant evidence of psi communication (Akers, 1984; 
(') Alcock, 1986; Blackmore, 1980, 1987; Child, 1986; Druckman & 
5> Swets, 1988; Harley & Matthews, 1987; Harris & Rosenthal, 1988; 
;;o Honorton, 1979, 1983, 1985; I-Wvclmann, 1986; Hyman, 1983, 
~ 1985, 1988; Hyman & Honorton, 1986; Kennedy, 1979; McClenon, 
~ 1986; Palmer, 1986; Palmer, Honorton, & Utts, 1989; Parker & 
6 Wiklund, 1987; Rosenthal, 1986; Sargent, 1987; Scott, 1986; 
~ Stanford, 1984, 1986; Stokes, 1986; Utts, 1986). 
gg Of the many controversies spanning the history of parapsycholog-
~ ical inquiry, the psi ganzfeld domain is unique in three respects. 
8 First, the central issue involves the replicability of a theoretically 
~ --baseaTecnnique~tnertnan tne special ab1ht1es of excepuonal m.: 
g dividuals (Honorton, 1977). Second, meta-analytic techniques have 
w been used to assess statistical significance, effect size, and potential g threats to validity (Harris & Rosenthal, 1988; Honorton, 1985; 
7" Hyman, 1985, 1988; Rosenthal, 1986). Third, investigators and crit-
.llo,, ics have agreed on specific guidelines for the conduct and evaluation 

of future psi ganzfeld research (Hyman & Honorton, 1986). 

The Automated Ganzfeld Testing System 

Psi ganzfeld experiments typically involve four participants. The 
subject (or receiver, R) attempts to gain target-rdevam imagery 
while in t ht> ganzrdd; following the ganzfelcl/imagcry pniod. R 
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tries-on a blind basis-to identify the actual target from among 
four possibilities. A physically isolated sender (Se) views the target 

,and attempts to communicate salient aspects of it to R. Two exper
imenters (Es) are usually required. One E manages R, elicits R's ver-
bal report of ganzfeld imagery (mentation), and supervises R's blind -6" 
judging of the target and decoys; a second E supervises Se. and ran- ~ 
domly selects and records the target. ~ 

We d_eveloped an automated ganzfeld testing system ("autoganz- [ 
feld") to eliminate potential methodological problems that were "Tl 

identified in earlier ganzfeld studies (Honorton, 1979; Hyman & ~ 
Honorton, 1986; Kennedy, 1979) and to explore factors associated ~ 
with successful performance. The system provides computer control iD 
of target selection and presentation, blind judging, subject feedback, : 
and data recording and storage (Berger & Honorton, 1986). A com- CD 

puter-controlled videocassette recorder (VCR) accesses and auto- g 
matically presents target stimuli to Se. A second E is required only ~ 

for assistance in target selection The system includes an experimen- ~ 
ta! design module through which E specifies the sample size and ~ 
status of a new series. 

The system was designed to enable further assessment of factors Q 
identified with successful performance in earlier ganzfeld studies. t" 
Differences in target type and sender/receiver acquaintance seem to ~ 
be particularly important. Significantly better performance occurred ~ 
in studies using dynamic rather than static targets. Dynamic targets Cf> 
contain multiple images reinforcing a central theme, whereas static g 
targets contain a single image. Also, studies permitting subjects to ~ 
have friends as their senders yielded significantly superior perfoi:- ~ 
mance compared to those requiring subjects to work, with laboratory g 

·· ------------- -senders:-~'Comparison-of-Stndy-0-uteomes-wfth--Gattzf-ekl-Met-a- · ~-
Analysis" in the Results section.) . g 

The autoganzfeld system uses both dynamic and static targets. 8 
The dynamic targets are excerpts from films; static targets irfclude g 
art work and photographs. Receivers may, if they choose, bring ~ 
friends or family members to serve as their senders; a session setup .llo,, 

module registers the sender type and other session information. 
In this report, we present the results of the 11 autoganzfeld 

series conducted between the inauguration of the experiments in 
February, 1983, and September, 1989, when funding problems· 
required suspension of the PRL research program. 1 We focus on 

1 This article conforms LO the reporting guidelines recommended by Hyman and 
I lo11orto11 ( I !J8G). Because of the si1.e of this datahase, however, it is 1101 practic,11 to 
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(1) evidence for psi in the autoganzfeld situation, (2) the impact of 
dynamic versus static targets, (3) the effects of' scndci-/rcccivcr ac
quaintance, (1) the impact of prior psi ganzfe!d experience, and 
(5) a comparison of these four factors with the outcomes of earlier 
nonautomated psi ganzfeld experiments. Our findings on demo
graphic, psychological, and target factors will be presented in later 
reports. 

-6" Subiects 
"O .J 

0 The part1C1pants are 100 men and 141 women ranging in age < 
(D 
a. from 17 to 74 years (mean = 37.3, SD = 11.8). This is a well
~ educated group; the mean formal education is 15.6 years (SD = 
., 2.0.). 
~ Our primary sources of recruitment include referrals from col
f leagues (24%), media presentations concerning PRL research (23%), 
t/1 friends or acquaintances of PRL staff (20%), and referrals from 
~ other participants (18%). 
g Belief in psi is strong in this population. On a seven-point scale 
~ where "I" indicates strong disbelief and "7" indicates strong belief 
~ in psi, the mean is 6.20 (SD = 1.03); only two participants rated 
~ their belief in psi below the midpoint of the scale. Personal experi
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I ;;o 
CJ 
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CD 

ences suggestive of psi were reported by 88% of the subjects; 80% 
reported ostensible telepathic experiences. Eighty percent of the 
participants have had some training in meditation or other tech
niques involving internal focus of attention. 

'?> Participant Orientation 
0 
0 

~ Initial contact. New participants receive an information pack be
~ fore their first session. The information pack includes a 55-item per
g sonal history survey (Participant Information Form [PIF]; Psycho
~ physical Research Laboratories, 1983), Form F of the Myers-Briggs 
g Type Indicator (MBTl; Briggs & Myers, 1957), general information 
8 about the research program, and directions for reaching PRL. Par
g ticipants usually return the completed questionnaires before their 
~ first session. However, if new participants are scheduled on short 
J:.. notice, they either complete the questionnaires at PRL or, in a few 

cases, at home after the session. 

include the data in an appendix to the report. Instead, we will supply the data to 
qualified investigators in a Lotus-compatible, MS-DOS computer disk file. There is a 
small fee to cover materials and mailing. Address inquiries to the J oumal. 

. '·\ 
; . ~ 
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Whenever possible, new panicipants an: encouraged lo come in 
for a prdi111i11ary orientation session, prior to their first PRL ganz
fcld session. The orientation serves as a "get acquainted" session for 
participants and the PRL staff, and introduces participants to the 
PRL program and facility. Participants who avail themselves of this 
option generally complete the MBTI and PIF questionnaires during 
the orientation session. We inform new panicipants that they may 
bring a friend or family member to serve as their sender. When a-6" 
participant chooses not to do so, a PRL staff member serves as~ 
sender. We encourage participants to reschedule their session rather~ 
than feel they must come in to "fulfill an obligation" if they are not [ 
feeling well. "Tl 

Session orientation. We greet participants at the door when they~ 
arrive and attempt to create a friendly and informal social atmos- ~ 
phere. Coffee, tea, and soft drinks are available. E and other staff iD 
members engage in conversation with R during this period. When : 
a laboratory sender is used, time is taken for sender and receiver to ~ 
become acquainted. g 

If the participant is a novice, we describe the rationale and back- ~ 
ground of the ganzfeld research, and we seek to create positive ex- ~ 
pectations concerning R's ability to identify the target. This infor- ~ 
mation is tailored to our perception of the needs of the individual · · 
participant, but it generally includes four elements: (1) a brief re- Q 
view of experimental, clinical, and spontaneous case trends indicat- t" 
ing that ESP is more readily detected during internal attention states ~ 
such as dreaming, hypnosis, and meditation (Honorton, 1977), ~ 
(2) the notion that these states all involve physical relaxation and '?> 
functional sensory deprivation, suggesting that weak ESP imp:res- g 
sions may be more readily detected when perceptual and somatic ~ 
noise is reduced, (3) the development of the ganzfeld technique to ~ 
test this noise-reduction hypothesis, and (4) the long-term success of g 
the ganzf cld technique as a means of facilitating psi commupicati9n ~ 
in unselected su~jects. g 

We encourage "goal orientation" and discourage excessive "task 8 
orientation" during the session; this is especially emphasized with g 
participants who appear to be anxious or overly concerned about ~ 
thci1· ability to succeed i11 the ganzfeld task. We discourage partici- J:.. 
pants from analyzing their mentation during the session, and tell 
them that they will have an opportunity to analyze their mentation 
during the judging procedure. They are encouraged to adopt the 
role of an .outside observer of their mental processes during the 
ganzfeld._ Again, this is emphasized with those who appear a_n;<ious 
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about their performance; they are advised to relax, follow the taped 
instructions, and to simply allow the procedure to work. We inform 
participants that they may experience various types of correspond
ence between their mentation and the target; they are told that they 
may experience direct, literal correspondences to the target, but that 
they should also be prepared for correspondences involving disto,·
tions or transformations of the target content, cognitive associations, 
and similarities in emotional tone. Finally, we orient new partici
pants to where Se and E will be located during the session. 

METHOD 

~ 
~ 

Psi Communication in the Ganzfeld 
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Layout and Equipment 

g R and Se are sequestered in nonadjacent, sound-isolated and 8 2i eiectricaily shielded rooms. Both rooms are copper-screened, and Figure 1. Floor plan of experimental suite. o .. 
:e:; are 14 ft apart on opposite sides of E's monitoring room, which pro- j: 
~ vides the only access. R and Se remain isolated in their respective judging period associations. There is two-way intercom communi~ 

rooms until R completes the blind:judging procedure. cation between E and R. One-way audio communication from R t'() 
~ R's room is an Industrial Acoustics Corp., IAC 1205A Sound- Se allows Se to listen to R's ganzfeld mentation. )> 
;;o Isolation Room, consisting of two 4-inch sheetrock-filled steel ;;tJ 
CJ panels. The two panels are separated by a 4-inch air space, for a Receiver Preparation ~ 
~ total thickness of one foot. ~ 
6 The inside walls and ceiling of Se's room are covered with 4-inch R sits in a comfortable reclining chair in the IAC room. Se keepc 
~ Sonex@ acoustical material, similar to that used in commercial R company while E prepares R for visual and auditory ganzfel~ 
~ broadcast studios. A free-standing Sonex-covered plywood barrier stimulation. Translucent hemispheres are taped over R's eyes ,~it~ 
;;o (5 ft wide by 8 ft high) positioned inside the sender's room, between Micropore@ tape. Headphones are placed over R's ears. A clip~o~ 
g Se's chair and the acoustical door, blocks sound transmission microphone is fastened to R's collar. A 600-watt red-filtered floodf 
-~---through-the--door--frame:-·Frgure-·htrows-ltre·-flo-ot·ptartof-tneex-=---- - --------------·-11gnt, locafecfapprox1mately6-:-ff-1n front--orR's face, is adjusted ifb -
g perimental moms. iute11sity uutil R repons a comfortable, shadow-free, homdgeneou{5 
8 E occupies a console housing the computer system and other visual field. White noise level is similarly adjusted; R is informe~ 
g equipment. The computn is an Apple II Plus with two disk drives, that the white noise should be as loud as possible without being ang 
~ a printer, and an expansion chassis. The computer peripherals in- noying or uncomfortable. The ganzfeld light and white noise inten-7" 
J:.. elude a real-time clock, a noise-based random number generator sity are adjusted from E's console after R and Se are sequestered in.f:,,,. 

(RNG), a Cavri Interactive Video Interface<1-'°, an Apple game pad- their respective rooms. 
die, and a fan. Other equipment includes a color TV monitor, the 
VCR used to access and display targets, and three electrically iso
lated audiocassette recorders. One audiocassette recorder presents 
audio stimuli (prerecorded relaxation exercises, session instructions, 
and white noise). Another plays background music during the ex
perimental setup. The third records R's ganzfeld mentation and 

Sender Preparation 

Se sits in'a comfortable reclining chair in the sender's room. Se 
faces a color,',TV monitor, wearing headphones. During the session, 
Se can hear R's mentation report through one headphone; _if dy-
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namic targets are used, Se hears the target audio channel through 
the other headohone. 

' 

Series Manager Setup Procedures 

E accesses the autoganzfeld computer program through the Se
:t:=, ries Manager software. Series Manager is a password-protected, menu
::g driven control program. It provides the only means through which 

0 an experimenter may specify parameters for the series design, reg
~ ister new participants in the series, set up a session, and run a ses
a. sion. The Series Manager menu is accessed through entry of a private 
~ (and nonechoing) password. 
ii -Series design. A valid series design must exist. hefore sessions can 
~ be run in an experimental series. This is <lone through the Series 
m Manager "design" module. The design module prompts E to specify 
g: the type of series (pilot, screening, or formal), the number of 
r-.> participants, the maximum number of trials per participant, the 
g total number of trials per series, and the series name. There is no a provision for changing the series design once it is accepted by E. 
:e:; Design parameters are saved in a disk file; they are passed to the 
~ experimental program at the beginning of the session. 
(') Participant registration. When R is new to a series, E accesses 
5> "Participant Registration" from the Series Manager menu before the 
;:b session. E is prompted to enter R's name and identification number. 
~ The module verifies that the maximum number of participants 
CD specified in the design is not exceeded. (An error message appears 
6 if an attempt is made to register more participants than are speci
~ fied in the design; then, control is returned to the Series Manager 
gg menu.) 
~ Session setup. E then selects "Session Setup" from the Series Man
o ngr:r mcn11, F, is prompt('d to enter R's 11:imc :ind the program vcr

~ ifies that R has not already completed the maximum number of g trials specified in the design module. (An error message appears if 
~ a participant has completed the number of sessions allowed for the 
g series or has not been properly registered; control is then returned 
7" to the Series Manager menu.) E enters Se's name and the sender 
.llo,, type: lab, lab friend, or friend. Lab senders are PRL staff members 

whose acquaintance with the participant is limited to the experi
ment. Lab friend refers to PRL staff senders who have some social 
acquaintance with R outside the laboratory. Friend senders are friends 
or family members of the participant. Finally, E enters the ganzfeld 
light and noise intensity levels and his or her initials. E then leaves 

.'-

. 1;'\ 
,.1: 
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the monitoring room while another PRL staff person supervises tar
get selection. 

Targets 

The system uses short video segments (dynamic targets) and still 
pictures (static targets) as targets. Dynamic targets include excerpts 
from .rnotion pictures, documentaries, and cartoons. Static targets -6" 
include art prints, photographs, and magazine advertisements. ~ 

There are 160 targets, arranged in judging sets of four dynamic ~ 
or four static targets. The sets were constructed to minimize simi- [ 
Iarities among targets within a set. The targets are recorded on four "Tl 

011c-hal!"-i11ch VHS format videocassettes; each videocassette con- ~ 
tains 10 target sets (5 <lynamic an<l 5 static). A signal recorded on ;;tJ 

an audio track of each videocassette allows computer access of the *" 
targets. Target display time-to Se during each sending period and : 
to R during the judging period-is approximately one minute; CD 

blank space added to briefer targets insures that the VCR remains ~ 
in play mode for the same length of time for all targets. ~ 

Preview packs. The video display format of the autogan·zfeld tar- g 
gets does not permit simultaneous viewing of the entire target set ::i: 
during the judging procedure as is done in many nonautomated 

00 

ganzfeld studies. Each target set is therefore accompanied by a pre- Q 
view pack containing brief excerpts of all four targets in the set; this t" 
gives R a general impression of the range of target possibilities. R ~ 
views the preview pack at the beginning of the judging procedure; ""C · 

it runs approximately 30 sec. ~ 
0 
0 

Target Selection ~ 
CD 

' ;;o 
The taq;et selcclu1· (TS) is a PRL staff 111c111',c1· who !ta'~ 110 con• 0 

tact with either E or R until after the blind-judging procedure. TS ~ 
is needed to load the videocassette containing the target into the g 
VCR. TS is informed which of the four videocassettes contains the 8 
target, but remains blind to the target's identity. If Sc is a staff g 
member, Se serves this role; otherwise, a staff member not involved ~ 
in the session serves as TS. (In the latter case, Se and R are segues- J:.,. 
tered in their respective rooms before TS enters the monitoring 
room.) 

The Series Manager program prompts TS to press a key on the 
computer keyboard. A program call to the hardware RNG obtains 
the target.-_value (a number between 1 and 160) and stores it ~n, com-
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puter memory. 2 The program determines the target set and video
cassette number from the target value. The videocassette number is 
displayed on the monitor, and TS is pn>mptcd to i11scn it into Llic 

VCR. The program verifies that the co1Tec1 videocassel.lc has bec11 
inserted and clears the monitor screen; if the videocassette is not 
correct, an error message prompts TS to insert the correct video
cassette. 

TS places a cardboard cover over the VCR's front panel to con-:
ceal the digital counters and VU meters. Finally, TS leaves the mon
itoring room with the three remaining videocassettes, knocking 
three times on the monitoring room door as a signal for E lo return . 

Relaxation Exercises and Ganzfeld Instructions 

R and Se undergo a 14-min prerecorded relaxation exercise be
fore the mentation/sending period: This provides a unique shared 
experience for R and Se before the ESP task. The relaxation exer
cise includes progressive relaxation exercises and autogcnic ph1·ases 
Uacobson, 1929; Shultz, 1950). Ganzfdd instructions are recorded 
after the relaxation exercise. The instructions and relaxa1.io11 exc1·
cise are delivered in a slow, soothing but confident manner with 
ocean sounds in the background. The style of presentation is similar 
to a hypnotic induction procedure. The ganzfeld instructions to R, 
which are also heard by Se, are as follows: 

6 During this experiment we want you to think out loud. Reporl all of the 
~ images, thoughts, and feelings that pass through your mind. Do not 
gg cling to any of them. Just observe them as they go by. At some point 
~ during the session, we will send you the target information. Do not try 
o to anticipate or conjure up this information. Just give yourself the sug-w , , ---·-----·-----= ,,, ·-gesrion;-rrght now-in tnerorm()Imakmg a-wiili=-that tne information 
g will appear in consciousness at the appropriate time. Keep your eyes 
8 open as much as possible during the session and allow your conscious-
g ness to flow through the sound you will hear through the headphones. 
~ One of us will be monitoring you in the other room. Now get as coni-
J:.. fortable as possible, release all conscious hold of your body, and allow 

it to relax completely. As soon as you begin observing your mental proc
esses, stan thinking out loud. Continue to share your thoughts, images, 
and feelings with us throughout the session. 

7 
An excqllio11 occurs in tfic rwo t;11·ge1 comparison series (Series :10 I and '.l()~). 

See pp. 112-113. 
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M entationl Sending Proadures 

Heceiva mentatiou report. Ai'ter the relaxation exercise and in-
st ruc1 ions. R listens to the white noise through headphones for 30 
minutes. R reports whatever thoughts, images, and feelings occur iD.6" 
the ganzfeld. The mentation report is monitored by E and Se from~ 
their respective rooms. The mentation report is tape recorded, and~ 
E takes_detailed notes for review from R prior to judging. [ 

Target presentation and sender procedures. A Cavri Video Interface "Tl 

automates computer access and control of targets from a JVC BR-~ 
6400U VCR. An electronic video switcher selectively routes the ;;o 
video output (VCR or computer text mode) to three color TV mon- iS 
itors, one each for E, R, and Se. E's and R's monitors remain in : 
computer text mode until the judging period. During each of the CD 

six sending periods, Se's TV monitor is switched from computer~ 
text lo VCR mode. 8 

At the beginning of each sending period, Se's monitor displays g 
the prnmpt, "Silently communicate the contents and meaning of the::.;: 
target to [R's first name]." Se views the target and attempts to com-~ 
municate its contents to R. Se mentally reinforces R for· target- (') 
related associations and mentally discourages R when the mentation 5> 
is unrelated to the target. ;;o· 

CJ 
"C 

Judging Procedure ~ 
I 

0 
After the mentation period, E turns off the ganzfeld light and ~ 

reads back R's mentation from the session notes. R remains in ganz- gg 
feld during the mentation review to minimize any abrupt shift 'in ~ 
state. E's and R's TV monitors are switched into VCR mode by the 8 

-------------romputer;-whi:ch--aiscr-pron1pts Seto-'-'Sifentty-·diren-i-R:'-s·iirsrno:me t=- -
to select the target that you saw." Se's TV monitor remains blan.k g 
(computer mode) during this period. 8 

R removes the eye covers and view·s the preview pack: From g 
their respective rooms, R and E then view the four potential targets ~ 
(the actual target and three decoys), which are presented in one of .llo, 

four random sequences. R, viewing each candidate, associates to the 
item as though it were the actual target, describing perceived simi
larities between the item and the ganzfeld mentation. While R as
sociates to each candidate, E points out potential correspondences 
that R may,qave overlooked. 3 R views any of the target candidates 
as often as d('.sired before proceeding to the judging task. 

3 This applies to Pilot Series 3, Novice Series I 03-105, and to Experienced Series 
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A 40-point rating scale then appears on R's TV monitor. The 
scale is labelled 0% on the left and 100% on the right. Using- a com
puter-gamt: pa<l<llt: to move a pui11tei-horizontally across Lht: rati11g 
scale, R indicates the degree of similarity between his ganzfeld men
tation and each potential target. E and Se view R's ratings on their 
monitors. The program checks for ties, an<l, if they occur, R 1·c-rates 
the four candidates to obtain unique ratings for each. The program 
then converts R's ratings into ranks. A rank of 1 is assignt:d to the 
candidate R believes has the strongest similarity to his ganzfeld men
tation; a rank of 4 is given to the candidate R believes is least like 
his ganzfeld experience. 

Feedback and Post-Session Procedures 

After R finishes judging, Se leaves the sender's room and enters 
R's room with E. Se reveals the actual target, which the computer 
automatically displays 011 R's TV 111011itor. The session data are writ
ten to a floppy disk file. 

Following feedback, E is prompted to backup the series data 
disk. The target videocassette is then automatically wound to a po
sition near the center of the videocassette (frame 50,000). E selects 
"Analysis" from the Series Manager menu. and obtains a hardcopy 
printout of the session data file. The printout includes: the file 
name, R's name and ID number, series type, session number, Se's: 
name, E's initials, date and start time, target number, target position 
in the set, R's target ranking, the standardized target rating (z 
score), target judging sequem:e, target name, target type and scl 
number, sender type, light and white noise levels, finish time, and 
optional experimenter's comments. The printout is attached to E's 
notes on R's mentation and placed in a ring binder containing all 
such information for the series. The audio tape of the session is sim
ilarly filed. 

Experimenters 

Eight Es contributed to the autoganzfeld database. I-Ionorton, 
one of the originators of the psi ganzfeld technique, has conducted 
psi ganzfelcl experiments over a 16-year period. Derr and Varvoglis 

!WI a11d 1102. IL does 1101 apply lO the earlier ~erie~ (Pilot Serie~ I~~: Novice Se1'ie~ 
IO 1-102; or Experienced Series 30 I). This practice was initiated because participants 
f'reque11tl)' failed lo idemify obvious cmTespo11d<"11ces between thdr 111e111a1io11 aud 
target elements. 

':\ 
:.,· 
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worked with Honorton at Maimonides Medical Center and were 
trained hy him. Bngc1· is prilllarily ;·csponsib!c for the !<>chnical im
plementation of the autoganzleld system. He trained Honorton, 
Derr, Varvoglis, and Schechter in its use. Honorton trained Quant, 
Ferrari, and Schlitz in the use of the autoganzfeld system.'1 

J:'x/1eriml'nlal Seril's )> 
"'O 
'tJ 

Altogether, 241 parttopants contributed 355 sessions in 11 si 
ries. To fully address the issue of selective reporting, we incluci 
every session completed from the inauguration of the experimen~ 
in February, 1983, to September, 1989, when the PRL facility w~ 
closed. Thus, this database has no "file-drawer" problem (Rosenthi 
1984). ~ 

The studies include three pilot series and eight formal seric;. 
Five of" the f"ormal series were single-session studies with novice p;@
ticipants. The remaining three formal series involved experienc~ 

. . 0 
participants. c.., 

0 
.,::. 

l'ilot Series ~ 

Series 1. This initial pilot series was conducted during the dev9-
opment and testing of the autoganzfeld system. It served to test s~
tem operation, to detect and correct programming errors, and~ 
fi11c-l111H' session timing functions. NinC'tcen su~jects contributed~ 
sessions as Rs. Seven, including l'RL staff members, had pripr $",.
perience as Rs in nonautomated ganzfeld studies at Maimoni~s 
Medical Center. The remaining 12 Rs were nc>vices with no pr~r 
ganzfeld experience. Series sample size was not specified in adva~; 
the series continued until we were satisfied that the system was gi-
erating reliably. ,, · ~ 

Series 2. This pilot series was designed by Berger in an atter@:,t 
to avert potential displacement effects and subject judging probl~s 
by having E rather than R serve as judge. R received feedback cily 
to the acwal target. Four participants contributed to this se1~s. 
Nine of the planned 50 sessions were completed before Bergei's~e
panure fro111 PRL wht:11 this se1·ies was discontinued. 

1 Berger', Schechter, and Varvoglis have doctorate degrees in psychology. Quant 
bolds a 111a_slC"1·s dq,r<"<' in 1·011nsdlinl{ psychology. and Ferrari has a bachelors degree 
in psychol_ogy. Schlitz has conducted independem gauzldd and remote-vie1vi11g re
search in ·other laboratories and has a masters degree in anthropology. 
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A 40-point rating scale then appears on R's TV monitor. The 
scale is labelled 0% on the left and 100% on the right. Using a com
puter-gamt: pac.lc.llt: to movt: a pointer horizontally across tht: rating 
scale, R indicates the degree of similarity between his ganzfeld men
tation and each potential target. E and Se view R's ratings on their 
monitors. The program checks for ties, and, if they occur, R re-rates 
the four candidates to obtain unique ratings for each. The program 
then converts R's ratings into ranks. A rank of I is assigned to the 
candidate R believes has the strongest similarity to his ganzfeld men
tation; a rank of 4 is given to the candidate R believes is least like 
his ganzfeld experience. 

Feedback and Post-Session Procedures 

After R finishes judging, Se leaves the sender's room and enters 
R's room with E. Se reveals the actual target, which the computer 
automatically displays on R's TV monitor. The session data are writ
ten to a floppy disk file. 

Following feedback, E is prompted to backup the series data 
disk. The target videocassette is then automatically wound to a po
sition near the center of the videocassette (frame 50,000). E selects 
"Analysis" from the Series Manager menu and obtains a hardcopy 
printout of the session data file. The printout includes: the file 
name, R's name and ID number, series type, session number, Se's 
name, E's initials, date and start time, target number, target position 
in the set, R's target ranking, the standardized target rating (z 
score), targt:t judging sequenct:, t;trget namt:, ta1·gt:1 type and st:t 
number, sender type, light and white noise levels, finish time, and 
optional experimenter's comments. The printout is attached to E's 
notes on R's mentation and placed in a ring binder containing all 
such information for the series. The audio tape of the session is sim
ilarly filed. 

Experimenters 

Eight Es contributed to the autoganzfeld database. 1-Iononon, 
one of the originators of the psi ganzfeld technique, has conducted 
psi ganzfeld experiments over a 16-year period. Derr and Varvoglis 

20 I aud :102. It docs nol apply 10 1hc earlier series (l'ilot Series 1-2; Novice Series 
IO 1-102; or Experienced Se,·ies 30 I). 111is practice was initiated because participants 
frequently failed to iclemify obvious correspondences between their memation and 
target elemems. 

•·'i• 

:,\ 
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worked with Honorton at Maimonides Medical Center and were 
11·:ti11l'd hy hit11. lkq~cr is pdmariiv rcsponsihk for the technical im
plementation of the autoganzfeld system. He trained Honorton, 
Derr, Varvoglis, and Schechter in its use. Honorton trained Quant, 
Ferrari, and Schlitz in the use of the autoganzfeld system. 4 

Experimental Series )> 
"O 
"O 

Altogether, 241 participants contributed 355 sessions in 11 stO 
ries. To fully address the issue of selective reporting, we includi 
every session completed from the inauguration of the experimen~ 
in February, I 983, to September, 1989, when the PRL facility w~ 
clost:cl. Thus, this database has no "Gle-clrawer" problem (Rosenth<tt, 

1984). *" 
The studies include three pilot series and eight formal seri~ 

Five of the formal series were single-session studies with novice paf
ticipants. The remaining three formal series involved experienc~ 

. . 0 
partIC1pants. ~ 

0 
~ .... 
co' Pilot Series 

Series 1. This initial pilot series was conducted during the dev~ 
opment and testing of the autoganzfeld system. It served to tests~
tem operation, to detect and correct programming errors, and llJ) 

fi 11c-t u nc session I iming functions. Nincteen su~jects contributed ~ 
sessions as Rs. Seven, including l'RL staff members, had pripr 1...~

pcrience as Rs in nonautomated ganzfeld studies at Maimoni~s 
Medical Center. The remaining 12 Rs were novices with no pr~r 
ganzfeld experience. Series sample size was not specified in adyani; 
the series continued until we were satisfied that the system was i-
erating reliably. · · -' . . ..... 

Sl'rirs 2. This pilot series was clcsignecl by Berger in an attergt 
to avert potential displacement effects and subject judging problee.,is 
by having E rather than R serve as judge. R received feedback oiy 
to the actual target. Four participants contributed to this ser~s. 
Nine of the planned 50 sessions were completed before Berger's th::
parture from PRL when this series was discontinued. 

·• Berger', Schechter, and Varvoglis have doctorate degrees in psychology. Qu:111t 
holds a 111a.stcrs degree in counselling psychology, and Ferrari has a bachelors degree 
in psychol.ogy. Schlitz has concluctecl inclependem ganzfeld and remote-viewing re
search in:other laboratories and has a masters degree in anthropology. 
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Srri.es 3. This pilot series was a pr;1clice series for participants 
. who completed the allotted number of sessions in unguiug formal 
series but who wanted additional ganzfeld experience. This series 
also includes several demonstration sessions when TV film crews 
were present and provided receiver experience for new PRL staff. 
The sample size was not preset. 

Novice ("First-Timers") Series 

The identification of characteristics associated with successful in
itial performance was a major goal of the PRL ganzf eld project 
(Honorton & Schechter, 1987). Except for Series 105, each novice 
series includes 50 ganzfeld novices, that is, participants with no 
prior ganzfeld experience. Each novice contributed a single ganz
feld session. Most novices had not participated in any psi experiment 
prior to the novice series. 

Series IO I. This is the first novice series. 
Series 102. Beginning with this series, R was prompted after the 

mentation period to estimate the number of minutes since the end 
of the relaxation/instructions lape. 

Series I 03. Starting with this series, Rs were given the option of 
having no sender (i.e., "clairvoyance" condition). Only four partici
pants opted to have no sender. 

Series 104. A visiting scientist (Marilyn Schlitz) served as E in 
seven sessions and as Se in six sessions with subjects from The Juil
Jiard School in New York . 

Series I 05. This series was started to accommodate the overOow 
~ ofjuilliard students from Series 104. The sample size was set to ~5. 
8 Six sessions were completed at the time the PRL progral'!! was_ sus- ___________ _ 
~-pended. (There were 20 Juilliard students altogether. Sixteen were 
g in Series I 04 and four were in Series I 05.) 
(.) 
0 

g Experienced Subjects Series ..... 
Ji. 

Series 201. This series involved especially prom1smg subjects. 
The number of trials was set to 20. Seven sessions by three Rs were 
completed at the time the PRL program was suspended. 

Series 301. This series compared dynamic and static targets. 
Sample size was set to 50 sessions. Twenty-five experienced subjects 
each contributed two sessions. The autoganzfeld program was mod
ified for this series so that each R would have one session with dy-

Psi r:n1111111111irati011 in thr r.mr:/rld l 13 

namic targets and one session with static targets. Su~jects were in
formed of this only after completing both sessions. 

Series 302. This series used a single dynamic target set (Set 20). 
In earlier series, Target 77 ("Tidal Wave Engulfing Ancient City") 
had an especially strong success rate while Target 79 ("High-Spe.€1 
Sex Trio") had never been correctly identified. We made two pR,-., 
gram modifications for this series. The target selection ("Rando1-
ize") routine was modified lO select only targets in Set 20, and ti~ 
VCR. tape-centering routine was modified to wind the videotape ~ 
a randomly selected position between frame numbers 85,000 a~ 
95,000. The second modification insured that E could not be cuect:J 
perhaps unconsciously, by the time required to wind the tape froj 
its initial position to the target location. : 

The study involved experienced Rs who had no prior experien~ 
with Set 20. Each R contributed one session. Participants were u~ 
aware of the purpose of the study or that it was limited to one targ8 -set. The design called for the series to continue until 15 sessiorj 
were completed with each of the two targets of interest. Twenty-fivJ:s: 
sessions were completed when the PRL program was suspended. co 

(') 

Statistical Analysis ~ 
;;o 
CJ 

Except for two pilot series, series sample sizes were specified iitl 
advance. Our primary hypothesis was that the observed succe~ 
rate-the proportion of correctly identified targets-would reliablg 
exceed the null hypothesis expectation of .25. To test this hypotl~ 
esis, we calculated the exact binomial probability for the obse;rve~ 
number of direct hits (ranks of 1) with /1 = .20 and q = .75. oig 
the basis of the overwhelmin_g_!y positive _ _outcomes _ of earlier studie5t:? __ 

-·------------·------------------ ~ 

we preset alpha to .05, one-tailed. . o 
We also tested two secondary hypotheses, based on patterns o§ 

success in earlier psi ganzfeld research. These are: (I) that-dynami~ 
targets are significantly superior to static targets, and (2) that per~ 
formance is significantly enhanced when the sender is a friend of R~ 
compared to when R and Se are not acquainted. We initially 
planned to test these hypotheses by chi-square tests, a trial-based 
analysis. However, a consultant (Dr. Robert Rosenthal) suggested 
that a t test using the series as the unit would be a more powei:ful 
test of these hypotheses, and we have followed his recommendation. 

.... j • 5 
The rema1pmg analyses are exploratory. 

5 The statistical analyses in this report were performed using SYST AT .(Wilkin-
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TABLE l 
OUTCOM"' RV s..-1n~·<: 

Series N N Hits Effect size 

Series type subjects trials N % (h) z 

I l'ilot El 22 8 3G .~5 .!J\J 
~ 2 Pilot 4 9 3 33 .18 .25 

"O 
"O 3 Pilot 2.l'i 3G 10 28 .07 -~~ 
0101 Novice 50 50 12 24 -.02 -.30 
~102 Novice 50 50 18 36 .24 1.60 
a.103 Novice 50 50 15 30 .I I .67 
~104 Novice 50 50 18 36 .24 1.60 
., 105 Novice 6 6 4 67 .87 1.78 
~201 Experienced 3 7 3 43 .38 .69 
CD30I Experienced 25 50 15 30 .11 .67 
II) 
Ul302 Experienced 25 25 16 64 .SI 3.93 
(D 

r-J Overall 241 355 122 34 .20 3.89 0 

~Vote. The z scores are based on the exact binomial probability with p = .25 
gand q = .75. -..... co 

(') 

~verall Success Rate 
;;o 

RESULTS 

~ Ganzfeld hit rate. There were 241 participants, who contributed 
~55 autoganzfeld sessions. The 122 direct hits (34.4%) yield an exact 
gbinomial /J of .00005 (z = 3.89). The effect size, Cohen's ft (Cohen, 
~1977), is .20. The 95% confidence interval (Cl) is a hit rate from 
~0% to 39%. Because this level of accuracy would occur about one 
otime in 20,000 by chance, we reject the null hypothesis. (See Table 
0 
(.) 1.) ..... 
o Success rate by series. Of the 11 series, IO yield positive outcomes. 
gThe mean series effect size is .29, SD = .29, t (10) = 3.32. 
~ Homogeneity of effect sizes. Traditionally, psi investigators have 
~een preoccupied by whether there is a significant nonzero effect. 
tAn equally important issue, however, is the size of the effect. There 

is a growing tendency among behavioral scientists to define replic
ability in terms of the homogeneity of effect sizes (Hedges, 1987; 

son, 1988). When I tests are reported on samples with unequal variances, they are 
calculated using the separate variances within groups for the error and degrees of 
freedom following Brownlee (1965). Combined zs are based on Stouffer's method 
(Rosenthal, 1984). Unless otherwise specified, p levels are one-tailed. 

, .. , . . ··~· 
;,I 
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TABLE 2 
OUTCOME BY EXPERIMENTER 

N Hits Effect 

Experimenter trials N % size (h) 

Quant 106 38 36 .24 

Honorton 72 27 38 .29 ~ 
lkrgt;r !i:I 18 '.H .20 "O 

Derr 45 12 9- .05 
"O _, ., 

V;u-voglis 43 11 26 .03 
0 
< 

Scl1cchtt:r 1'1 5 3(i .23 (D 
a. 

Ferrari 15 9 60 .72 "Tl 

Schlitz 7 2 29 .08 0 ., 
~ 

Rosenthal, 1986; Utts, 1986). Two or more studies are replicates ofiD 
one another if their effect sizes are homogeneous. We assess the! 
homogeneity of effect sizes across the 1 1 series by performing a chi-r-.> 
square homogeneity test comparing the effect size for each seriesg 
with the weighted mean effect size (Hedges, 1981; Rosenthal, 1984).~ 
The formula is: · g -..... 

x\k - 1) = L N;(h; - h)2, 
i = l 

co 

(') 
)> 
I 

where k is the number of studies, N; is the sample size of the it!~ 
study, and the weighted mean effect size is: ~ 

Ti 

k 

INA 
i - I 
-A 

LN; 
i = l 

a, 
I 

0 
0 ...... 
co 
CD 

~ 
0 
(.) 

,, ..... 
The test shows that the series effect sizes are not significantly nong 
homogeneous: x2 = 16.25, 10 df, f, = .093. 8 

0 
0 
0 ..... Homogeneity of Outcome by Experimenter 
.J:.,. 

Eight Es contributed to the autoganzfeld database. (See Table_ 2.) 
All eight experimenters have positive effect sizes. A chi-square ho
mogeneitf test, using the mean effect sizes for each E weighted by 
sample size, indicates that the results are homogeneous across ex
perimenters: x2 = 7.13, 7 df, p = .415. 
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TABU-: 3 
(;ANZl'El.l> Stl<:<:ESS IN lh:1.A'l'ION 'l'O NtlMIIER OF SESSIONS 

No. of sessions as receiver 

2 3 4 + 

N su~jects 183 23 24 I I 
N u·ials rn:1 .l(j 7'.!. !i·l 

Hits 53 19 31 19 

% Hits 29 41 43 35 
Effect size (Ii) .09 .34 .38 .22 

Subject-Based A nalysi~ 

Seventy-six percent of the participants (N = 183) contributed a 
single session as R. Fifty-eight Rs contributed multiple sessions. Par
ticipants with multiple sessions either had direct hits or strongly 
suggestive target mentation correspondences in their first session. 
(See Table 3.) 

Success rate by subjects. To test the consistency of ganzfeld perfor-
mance across participams, we use the standardized ratings of the 

Q target and decoys (Stanford's z scores; Stanford & Sargent, 1983) as 
~ the dependent variable. Stanford zs are averaged for participants 
~ with multiple sessions. Direct hits and Stanfonl zs arc highly co1-re

"C lated. 1 n this database, N (353) is . 776. The mean Stanford z for the 
~ 241 participants is .21 (SD = 1.04), and t (240) = 3.22 (p = .00073). 
b The 95% Cl is a Stanford z from .08 to .35. The effect size (Cohen's 
~ d; Cohen, 1977) is .2 l. (The effect size for subjects is nearly identical 
~ to the trial-based effect size, h = .20.) Thus, there is a general tcn
o dency for participants to give higher ratings to the actual target 

. -·~ ___ than to the .decQ.y_s_,_.an.cLthe.. sigoificance.-0.£...these-e-xpe+ime-ru-s-ts-+10t:-··· 

co 

o attributable Lo exceptional performance by a few outstanding sub-
o . 
0 JeCtS. 
(.) 
0 

g Dynamic Versus Static Targets ...... 
.I:,. 

The success rate for dynamic targets is highly significant. There 
are 190 dynamic target sessions and 77 direct hits (40%, h = .32; 
exact binomial p = l.9 x 10- 6

, z = 4.62). The hit rate for static 
targets is not significant ( I 65 trials, 45 hits, 27%, h = .05, /J = .276, 
z = .59). Using the series effect size as rhc outcome variable and 
target type as the predictor variable, the point-biserial correlation 
(rp) between ganzfeld performance and target type is .663, t (17) 

N trials 
N hits 
% Hits 
Effect size (h) 

z 

fl 

l'si (."111111111111imtin11 in !hi' (;rt11z/i·ld 

Tt\111.E 1 

SENllEIURECEtVER l'AtRINl; 

Sender as: 

Lab 
Lab friend 

HU G(i 
46 24 
33 36 

.18 .24 
2.01 1.93 
.023 .026 

Friend 

145 
52 
36 
.24 

2.83 
.0023 
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3.65, p = .002." The 95% CI for dynamic targets is a hit rate fro~ 
34% to 47%. The CI for static targets is from 21 % to 34%. Thusg 
our hypothesis concerning the superiority of dynamic targets i5a 
strongly supported. ~ ...... 

co 
Sbuil'rl R f'Cr.iver I' airing (') 

Receivers are more successful with friends than with laboratory~ 
senders, although the difference is not statistically significant. Theo 
11u1nl)(.:r or sessions in this analysis is ;)51 because four subjects~ 
opted to have no sender. The best performance occurs with friend'?> 
senders. Sessions with laboratory senders, although significant, haveg 

........ 
the lowest success rate. (See Table 4.) co 

Using series effect sizes as the unit of analysis and sender type~ 
as the predictor variable (combining lab friend and friends), rl' isg 

... __ ,363, t (17)_ =:= ___ Lfil..,.---P--=== Jl.6.3.5.._7 
___ The 95%--.CI--for--se-ssiGns--wi-tA-~--

friends is a hit rate from 33.3% to 4 7%. For lab senders, the CI is g 
from 18.3% to 41.8%. Thus, although the effect of sender type is 8 
not statistically significant, there is a trend toward better results with g 
friends. ~ 

6 Separate effect sizes were obtained for the dynamic and static target sessions of 
each series. Since Series 302 used dynamic targets only, the analysis is based on 11 
dynamic target effect sizes and 8 static target effect sizes; two static target series ( I 05 
and 201) had extremely small sample sizes (2 and 3 sessions, respectively). A similar 
prnccd11rc is used in 1he analyses of se11der/receiver pairing and experienced ver5U5 
novice sul~jects. 

7 Three series involl'ing l;1bora1ory senders were eliminated from this analysis be
cause of ext1·emc;ly small sample sizes. These i11clude Sei-ies 2 (11 = 2), Series I 05 (11 
= 2), and Series 20 I (n = I). Thus, the point biserial correlation is based on 11 
series with friends and 8 series with laboratory senders. 

.I:,. 
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Gm1~fl'ld E.\'/H·ri1•11r1· 

Two liundn:d and eight<x:-11 pan1upants had tltt:ir lirst t:Xpt:ri
ence as ganzfeld receivers in the autoganzfeld series. (This includes 
the 5 Novice Series 101-105 and 12 novices in Series 1.) For all but 
24 (11 %), their initial autoganzfeld session provided their first ex-

~ perience as participant. in any parapsychoiogical research. or the 
~ 218 novices, 7 I (32.5%, h = .17) correctly identified their target (ex
~ act binomial p = .0073, z = 2.44). 
[ Participants with some ganzfeld experience contributed 137 
"Tl trials and 51 hits (3 7%, h = .26, p = .00 I, z = 3.09). When series 
~ effect sizes are used as the unit of analysis and prior ganzfcld <'X
;;o pc:rit:nct: is ust:d as tltt: prt:c.lictor variable, 1·1' is .078, t ( I 0) "" 0.'.25, 

*" p = .41. The 95% CI for novices is a hit rate from 25.5% to 119.5%. 
: The CI for experienced participants is from 29% to 50%. 
(D 

r-J g Participation by PRL Laboratory Staf.f 
(.) -g For completeness, we report the contribution of laboratory staff 
~ as subjects in this database. PRL staff members contributed 12 ses
.. sions as R. These sessions yield 3 hits (exact binomial p = .50; h = 
Q .00). 
~ 
I 

~ White Noise and Ganzfeld Illumination Levels 
""C 
CD 

Cf> The mean white noise level (in a1·bitrary units or 0- 7.5) is 2.!l7 
g (SD = 1. 77). As measured from the headphones, the mean noise 
~ level is approximately 68 dB. The mean light intensity (arbitrary 
~ units of 0-100) is 73.8 (SD = 26.1 ). Preferred noise and light in
g tensity levels are highly correlated: r = .569, t (353) = 12.99. 
~ Neither noise nor light intensity is significantly related to ganz
g feld performance. The point-biserial correlation between hits and 
8 noise level is - .02fi, l (%3) = - 0.'18, j, = .fi3 l, two tailed. For light 
g intensity, r" is - .(l40, l (353) = -0.76, f, = .449, two tailed. 
0 ..... 
.I:,. 

RANDOMNESS TESTS 

The adequacy of randomization was a 111,!jor source ol" disagree
ment in two meta-analytic reviews of earlier psi ganzfeld research 
(Honorton, 1985; Hyman, 1985). In this section we document the 

l· 

. ~; '( 
! 

;.\· 

' 
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ade<p1acy or our randomiza1io11 procedure according 10 guidelines 
agreed on by Hyman and Honorton (198fi). 

Global Tests of Random Number Generator 

Full-range frequency analysis. As described earlier, autoganzfeld 
targets arc selcctcc! through a program call to the RNG for values 
within ~he target range (1-160). The number of experimental ses- ~ 
sions (N = 355) is too small to assess the RNG output distribution ~ 
for the full range, so we performed a large-scale control series to ~ 
test the distribution of values. Twelve control samples were col- CD 

lected. These included five samples with 156,000 trials, six samples ~ 
with I ,!>(i() trials, and one sample ol' l ,5GO,OOO trials. The I~ result- Q 
ing ·chi-square values were compared Lo a chi-square distribution ;;o 
with 155 df, using the Kolmogorov-Smirnov (KS) one-sample test. *" 
The KS test yields a two-tailed p = .577, indicating that the RNG : 
used in these experiments provides a uniform distribution of values CD 

throughout the full target range. 8 ~ 
Test of frequency distribution for Set 20. We used a single target set 8 

(Set 20) in Series 302. We repeated the frequency analysis in a o 
40,000-trial control sample, restricting target selection to the four ~ 
ta1°get values within Set 20 (Targets 77-80). A chi-square test of the ~ 
distribution of targets within Set 20 shows that the RNG produces (') 
Ci uniform distribution of the target values within the set: x:1 = 3.19, )> 
3 df, p = .363. ;;b 

CJ 
""C 

T1'sls of tfu, Exj,eri11u•11tal RNC Usagt ~ 
I 

0 
Each autoganzfeld session required two RNG calls. An RNG call~ 

at tht: beginning of the session determined the target; another, gg 
made before the judging procedure, determined the order in which ;;tJ 

the target and decoys were presented for judging. g 
Distribution of targets in the experiment. -A chi-square test of the dis~ ~ 

t ribut ion of" values within the ta1·gct sets shows that the targets were g 
sckctecl uniformly from among the four possibilities within each set; 8 
x2 with 3 df is 0.86, p = .835. g 

Distribution of.judging order. A chi-square test of the judging ord_er ~ 
indicates that the targets were uniformly distributed among the fourJ:.. 
possible judging sequences: the xi with 3 df is 1.85, p = .604. 

" ( )11e or the preview park elc111t·111s for Set (i, n,111a111111g Targets 21 -2·1, was 
damaged. This 1:equired filtering the RNG calls in the experiment and comrol tests 
to bypass the damaged portion of the videotape, leaving the targets in Pool 6 unused. 
Thus, for the·full-range analyses reported here, there are 155 df rather than 15_9. 
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Summary 

The randomness tests demonstrate that the RNG used fen target 
selection in these experiments provides an adequate source of ran
dom numbers and was functioning properly during the experi

-6" ments. 
"O 

0 
< 
CD EXAMPLES OF TARGET-MENTATION CORRESPONDENCES a. 
"Tl 
O In this section, we present some examples of corrcspomlcnccs 
iibetween targets and ganzfeld mentation. Although conclusions can
*'not he drawn from qualilativc data, this material should not be iµ;
:nored. It constitutes the raw data on which the objective statistical 
CDevidence is based, and may provide important insights concerning 
~he underlying process. These examples are excerpts from sessions 
&f subjects' ganzfeld mentation reports, identified by them during 
~he blind judging procedure as providing their basis for rating the 
::l:arget. 
co 

c{arKrt 90, Static: /)a/i's "Christ Cmr!fil'd." 
~,·ries I. Partiri/Hml //): 77. Ha11/1 = I. z .1·rnn• = / .67. 
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" ... I think of guides, like spirit guides, leading me and I come i11to like 
a court with a king. It's quiet. ... It's like heaven. The king is something 
like Jesus. Woman. Now I'm just sort of summersaulting through 
heaven.... Brooding.... Aztecs, the Sun God.... High priest. .. . 
Fear. ... Graves. Woman. Prayer. ... Funeral. ... Dark. Death ... . 
Souls .... Ten Commandments. Jlvfoses .... " 

gargr.t ~7, Dynmnic: Tidal_3.va11f ~1!._Kll!Jiug_r__nu:irnl _c_iJ1._fr1r.!!_1_'_:}_Tu~.£Ja.1h . ··-·--· . __ . 
.. ~r!1T11/m1.1·~-a FfiitTiasril on Cn'd< mythology. A lwge tidal wr/.Vt' ffwi1.1'.I' 

8to the shore. The scene shifts to a center courtyard of an ancient Greek 

i
. y; there is a statue in the center, and buildings with Greek columns around 
e periphery. People are running to escape conmmption by the tidal wave. 
ater rushes th.rough the buildings, destroying the columns and the statue; 

/Jtople scurry through a stone tunnel, just ahead of the engulfing water; 
debris floats through the water. 
Series: I. Participant ID: 87. Rank = 1. z score = 1.42. 

" ... The city of Bath comes to mind. The Romans. The 1·econstruc1ion 
of the baths through archaeology. The Parthenon. Also getting sort of" 
buildings like Stonehenge but son of a cross between Stonehenge and 
the Parthenon. The Byzantine Empire. The Gates of Thunder. Th<;_ 

' 
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Holy See. Tables floating about. ... The number 7 very clearly. That just 
popped out of nowhe1-e. It reminds me a bit of one of the first Clash 
albums, however. The Clash, "Two Sevens" I think it was called, I'm not 
sure .... " [The target was number 77.J 

Series 302. Participant ID: 267. Rank = I. z score = 2.00. 

" ... A big storm over New York City. I'm assuming it's New York City. 
No, it;s San Francisco .... A big storm and danger. It looks so beautiful 
but I'm getting the sense of danger from it. ... It's a storm. An earth
quake .... " 

Targr:t 6}, Dynmnic: Horses. From tlu film, "The Latlw of fl eaven." An 
overhead view of five horses galloping in a snow storm. The camera zooms 
in on the !torses as they gallop through the snow. The scene shifts to a close
up of a single horse trotting in a grassy meadow, first at normal speed, then 
in slow-motion. The scene shifts again; the same horse irotting slowly 
through empty city streets. 
Series: JOI. Participant ID: 92. Rank= 1. zscore = 1.25. 

" ... I keep going to the mountains .... It's snowing .... Moving· again, 
I his 1i111c 10 1hc lef"I, spinnill!{ lo 1hc lcfl. ... Spir111i11!{. Like on a carousel, 
l,o,·s<·s. I lors<·s on a can111sd, a circus .... " 

Target 46, Dynamic: Collapsing Bridge. Newsreel footage of the collapse of 
a bridge the 1940s. The bridge is swaying back and forth and up and down. 
Light posts are swaying. The bridge collapses from the center into the water. 
Series: JOI. Participant ID: 135. Rank = I. z score = 1.94 . 
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" ... Something, some venical object bending or swaying. almost some- g 
_ _!.hl.!_1 g s ~;_11.iI.1.g__ilu he w i ncL_.,_,_S.ome thin, _llc.r.t.i.caL~-..be-+idmg-t:e--t-4e-· ·· .~ · ·-· 

leli .... Some kind of ladder-like structure but it seems to be. almost g 
blowing in the wind. Almost like a ladder-like bridge over some kind of 8 
chasm that's waving in the wind. This is .not vertical this is horizon- o 
ta!. ... A bridge, a drawbridge over something. It's' like one of those old g 
English type bridges that opens up from either side. The middle part ..... .I:,. 
comes up. I see it opening. It's opening. There was a flash of an old 
English stone bridge but then back to this one that's opening. The 
bridge is lifting, both sides now. Now both sides are straight up. Now 
it's closing again. It's closing, it's coming down, it's closed. Arc, images 
of arcs, arcs, bridges. Passageways, many arcs. Bridges with many· 
arcs .... 

Tmget 137, Static: "Working on a Wa.tennelon Farm." This painting shows 
a black man with his back to the f1icture; his susj1enders form a V-shape 
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around hi.s shoulders. A dog is in front of the man; there are watermelons 
between ihe dog and the man. The man faces a dirt jJath with watermelon 
j)(llches on either sirfr. On lite lrft side, rmotlwr man fnt.~lies a wh,•,•ll/(/.rrow 
filled with huge watennelons. 
Series: JO 1. Participant JD: 105. Rank =:= 2. z score = 0.98. 
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... a small lamb, very soft, outside. Small, playful. ... I sec a 'V' 
shape .... An apple .... I see a kitchen towel with a picture on it. Apple 
seeds or a fruit cm in half showing the seeds. A tomato or an apple. 
The fruit was red on the outside .... I thought of watermelon as in a 
watermelon basket. Thinking of kids playing on a beach. Little kids 
playing with balls that are bigger than they are and buckets that are 
three-quarters their size .... I had a thought of going through a tunnel, 
not the kind of tunnel you see on Earth but the type of tunnel described 
when someone dies." 

:Target 64, Dynamic: 1920s Car Sinking. _From the film "Ghost Stmy." Tiu' 

~cene depicts the murder of a young blonde woman by three young men in 
ghe 1920s. The men are all wearing suits; one of the rnen is wearing a 
~edora hat that is turned ujJ in the back. The men push an old car into a 
~ke. The camera shifts between close-ups of their facial expressions, and the 
'ctfar, as it slowly sinl,s into thr. watrr. Thr woman's fru:r anrl hand af1/1rar in 
··the car's large rectangular rear window; she silently screams out for help. 
rl.The car disappears beneath the water as the sequence ends. 
t"Series: 102. Participant JD: 154. Rank= 1. z score = 1.45. ;;o 
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" ... Girl with a haircut .... Blond hair. ... A car. ... The back or some
one's head .... Someone running to the right. ... Someone on the right 
in a brown suit ... and a fedora hat turned up very much in the 
back .... Fedora, trench coat, dark tie .... A tire of a car. The car's going 
to the left. An old movie .... I'm picturing an Edward G. Robinson 
movie .... Big roundish car like l 940's. Those scenes from the back win
dow. Bumping once in a while up and down looking through the back 
window you could see that it was· probably a big screen in back of the 
car and the car's standing still actually .... I think it's a movie I saw. 
They're being shot at and shooting at the window and then the girl gets 
shot. ... Girl with the blonde haircut. ... Someone walking in a suit, 
brown suit. ... It's the I 940's again, 30's maybe. Except it looks like it's 
in color. Something red, blood ... blood on someone's lap .... A dead 
person all of a sudden .... A big mouth opened. Yelling, but no 
sound .... Two people running near a train .... Dressed in 1920 type 
suits with balloony pants, like knickers .... A big, old-fashioned white car 
with a flat top. I 920's, 30's .... " 

Target 107, Static: Stained-Class Madomw. with Child. This is a staint'd
glass window rlrjJicting the Virgin Mary and Christ child. 

;,\ 
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Sni1·s: /02. l'al'liripant //): /SJ. Hank = 2. z srori· 0.61. 
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"Some kind or a house, structure .... Some kind of wall or building. 
Som<"thing with th<' sky in the backgro111Hi. Thinking of a hell. A hell 
structure. Something with a hole with the light coming through the 
hole .... Like a stained glass window like you see in churches." 

Twget 1 Y, .'·;tatic: Flying Eagle. An wgle with outstretched wings is about 
to land on a perch; its claws are extended. The eagle's head is white and its 
wings rL?ld body are blac/c 
Series: 104. Participant ID: 316. Rank = 1. z score = 2.00. 

~ 
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0 
< " ... A black bird. I see a dark shape of a black bird with a very pointed CD 

beak with his wings down .... Almost needle-like beak .... Something ~ 
that would fly or is flying ... like a big parrot with long feathers on a 0 
perch. Lots of feathers, tail feathers, long, long, long .... Flying, a big ii 
huge, huge eagle. The wings of an eagle spread out. ... The head of an ~ 
eagle. White head and dark feathers .... The bottom of a bird. . . . .. re 

t/1 
Target 144, Dynamic: Hell. From the film "Altered States." This sequence ~ 
depicts a j1sychedelic exjmience. Everything is tinted red. The rapidly shifting g 
scenes include: A man screaming; many people in the midst of fire and ~ 
smohr: a man scrraming in an isolation tanh; peofJ!r in agony; a large sun g 
with a corona around it; a rnass crucifixion; people jumping off a precipice, ::.: 
in the midst of fire, smoke, and molten lava; spiraling crucifixes. There is a co 
close-up of a lizard's head, slowly opening· its mouth, at the end of the se- Q 

~ ~~ I 

Seri.es: 104. Participant ID: 321. Rank= 1. z score= 1.49. ~ 

" ... I just see a big 'X'. A big 'X' .... I see a tunnel in front of me. It's 
like a tunnel of.smog or a tunnel of smoke. I'm going down it. ... rm 
going down it at a pretty fast speed .... I still see the color red, red, red, 
reel, red, red, reel, red .... Ah, suddenly the sun .... The kind of cartoon 
sun you see when you can see each pointy spike around the spl)ere .... I 
stepped on a piece of glass and there's a bit of blood coming out of my 
foot. ... A lizard, with a big, big, big head .... " ~· 
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Tmgr'l 148, Static. Th.rel! Unusual Plnnrs. Threr small aircraft flying in g 
formation. 'J'he planes are white and have swept-back wings; their landing- ~ 
gear is extended. A winding road is visible below. g 
Series: 104. Participant ID: 322. Rank = 2. z score = 0.39. 

" ... A .iel plane .... A 74 7 on the way to Greece. Blue. skies. Sounds like 
it"s going .h,ighci· .... l think I'm back on the plane again. l never used 
to be afraiq of Oying until recently .... They need better insulated jets, 
soundproof' like these rooms. They could use these comfortable seats, 
too. And -the leg room. The se1·vice isn't bad eitheL ... Still can't get the 

..... 

.I:,. 
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feeling of being in an airplane out of my mind. Flying over Greenland 
and kcla11d when I went lo E11gla11cl .... Feds like we're going higher 
and higher .... Descending. It seems we're descending .... Big airplanes 
Oying over with people like me staring down .... Flying arnunct' in a 
piece of tin .... Feel like I'm getting a G-force. Maybe I am taking off. 
Sure feels like it. Feels like we're going straight up .... I always feel like 
when I'm on the plane going home, I just hope that plane makes it past 
the Rocky Mountains .... " 

Target 10, Static: Santa and Coke. This is a Coca-Cola Christmas ad Ji'om 
the 1950s, showing Santa Claus holding a Coke bottle in his left hand; three 
buttons are visible on Santa's suit. Behind Santa and to his left, is a large 

~ bottll' w/1 with th,• Cow-Cola logo /{'(J.11ing agaimt rm 011unn.1•uft'rl Christmas 
re tree: 
t/1 S'eries: 104. /'(lrticijm.nt ff): JJ2. Hauk = 1. z scon' - 1./·I. (D 
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There's a man with a dark beard and he's got a sharp face .... 
There's another man with a beard. Now there's green and white and 
he's in bushes and he's sort of colonial. He looks like Robin Hood and 
he's wearing a hat. ... I can see him from behind. I can see his hat and 
he has a sack over his shoulder. . . . Window ledge is looking down and 
there's a billboard that says 'Coca-Cola' on it. . . . There's a snowman 
again and it's got a canol for ;1 nose and three black buttons coming 
down the front .... There's a white beard again. There's a man with a 
white beard .... There's an old man with a beard .... " CJ 

"C 
CD 
Cf> Target 70, Dynamic: Dancing in NY City Streets. From the film "The Wiz." 
g The sfmn of yrllow-fmvl'(l brirfw, over a lmr(v ,![ walf'r rmd autmnobifr, lm{fir: 
~ is visible in the opening scene; the New York City skyline is in the back
~ ground. A hot-air balloon flies ovf'rhead. Thf' scene shifL~ as Dorothy (Diana 
o Ross), her dog Toto, the Lion, Tin Man, and Scarecrow dance along the 

__ ~_ . .bri.dg_e_;_J,}J1£_4_.the._bridge'5 51141porlin.g. arches i5 behind them The Chrysler_ 
g Building is in the background. At the end o.f the sequence, the characters 
8 dance in front of a painted backdro/1 of au old-fashioned building. 

g Series: 105. Particij,ant JD: 336. Rank= J. z score= 1.40. 
0 ..... 
.I:,. "Big colorful hot air balloons .... White brick wall. ... Ocean .... People 

walking before my eyes. Several people. . . . A dog. Hot air balloon ... . 
a nightclub singer.... Back of a woman's head, short curly hair. .. . 
Water. ... Balloon, big balloon .... Yellow .... Very tall building. Look
ing down at a city. Leaving a city, going up.... Faces. An arc. ... 
Water.... A woman's face.... Ca1·s, f"rccway.... A rock-11-roll star 
chanting .... Architecture. A jester's hat. ... geometrical figures, designs. 
... Yellow chocolate bar. Water. Going down into water, deep down .... 
Man with long golden hair and sun glasses .... The Bay, San Francisco 

;•, 

/'.Ii C:01111111111irntio11 i11 !hr Ca11:fi·ld I '.2:, 

Bay. A lion.... Highways.... Lion, see a lion .... Tornado.... Bal
loon.... Face mask .... City .... Leaning Tower of Pisa .... Long hall
way, doorway .... Long road. Long, long desert road .... " 

Target 22, Dynamic: Spiden-. From the documentmy "Life on Earth." A 
s/1ider is weaving its wf'b. Thf' sj,ider's long legs spring up and down re
peatrrily, weaving strands of the web. The body of the sf1ider is constantly in 
motion, and bounces uj, and down. A close-up shows one of the veins of the 
web being .stretched out by the spider. VariolLS views of the web. 
Series: 301. Participant ID: 146. Rank = 2. z score = 0.65. 

" ... Now visual patterns more like a spider web and the color. And then 
like the form of the veins of a windmill. ... Something like a spider web 
again. A spider web. A pattern that instead of a spider web it looks like 
basket weaving .... An image of the way some children were able Lo do 
something like flying when I was a child though I never had one. It was 
a-forgotten what it was called-a pogo stick or a jump stick, something 
in which you jumped up and down and you could hop quite a distance 
by doing so .... I have kinesthetic images all over as in vigorous motion 
expressed in flying or jumping on this sort of spring stick that I men
tioned .... Vigorous motion. It's as though I were trying to combine re
laxation with participating in an image of something very vigorous .... I 
really feel caITied away by these images of vigorous activity without 
being able to localize this activity as to what it is .... " 
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Target 108, Static: Two fire eaters. A young fire eater, in the foreground, ~ 
facing to the right of the picture, blows a huge flame out of his mouth. In b 
the bar:ltf...rrounrl theni is another .fire eater. A grou/1 of /1eof1le are watching o 
on the left side of the picture. ~ 
Series: 301. Participant JD: 146. Rank = 1. z score = 1.71. ~ 

0 

" ... I keep having images of flames now and then .. .'. The sound re- 8 
~--~ - ------·---------- ... -·---··----··--·····-· . . .. . ··-· . ".,;,,Ji,·---. 

-m111dsiiie-01Hames too .... I niw Aamesagain .. :. In these new image~ 0 
the fire takes on a very menacing meaning .... Rather mounfainous g 
sticking up of bare rocks just as though they had come from a re<;ently ~ 
formed volcano. Volcanos of course get back to the lire, extreme heat. g 
I had an image of a volcano with molten lava inside the crater. Molten 7" 
lava running down the side of the volcano .... Cold. Written out there .llo, 

behind the visual field and thinking how it contrasts with my images of 
flames. Although my images of flames didn't actually include much real 
feeling of heat. I didn't have any imagery of heat in connection with the 
flames. Just abstract thought of flames .... Now I think of the water as 
a way of" putting out Hames. Sudclenly, I was biting my liii. Biting my 
lip as thougli lips had something to do with the imagery and I see lips 
out in front .of me .... And the lips I see are bright red, reminding me 
of the flame· imagery earlier. And then a bright heart such as Valentin,e's 
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candy in the shape of a heart. The cinnamon llavorccl candies 1hat I 
remember as a child having al Valentine's. Red color. ... This red as in 
the cinnamon candy is a deep very intense red. And similarly for the 
names. And now I sec die word 'n•cl' .... " 

Twget 94, Dynamic: Hang Gliders. The sequence shows a skier on a V
.1hr1/1N! lir1111; 1;/idf'/". Tl,,• .1/ii,·r .\lit/I".\ l1i1;li 11j, ri/1()/lt' .111"n' n11•,·1t'(/ m111111tai11.1 

:t:=, and a pine forest. A.t the end, the skier lands on a mountain slope and skis 
'.g away. The sequence is accompanied by Pachelbel's Canon. 

0 Series: 301. Participant ID: 188. Rank= 1. z score= 1.26. 
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" ... Some kind of 'V' shape, like an open book .... I get some moun
tain .... Some kind of bird with a long wing .... The shape of an upside 
dm•m 'V' .... Ski, something about skiing came to me .... Some kind of 
a body Jike an oval shape or a body with wings Oil top or it ill a •y· 
shape. Another 'V' like a wing shape .... Something with wings .... 
Again 1hc shape of an umbrella Gtme into my mind. A buttcrlly 
shape .... " 

~ Target 80, Dynamic: Bugs Bunny in Space. In this cartoon, there i..s a close-
8 up of the lower part of a cigar-shaped rocketship and the supports holding 
o it ufJ. The rocket assembly slides over to lite launching f}(J,d, directly abm1e 
j; Bugs Bunny's underground patch. The scene shifts to the underground 
CO patch, as Bugs Bunny climbs ufJ the ladder leading out of hil' fHLlch. Un
() knowingly, he climbs up through the interior of the rocket.ship. The rocket's 
)> sufJjJOrts fmll away and then it takes r!ff into sjmce. The rocket's no.ff cone 
;;o spins as Bugs Bunny appears through the top and he sees the Harth recede 
~ rapidly in the distance. As the sequence ends, Bugs Bunny is hit in the belly 
~ by a comet. 
6 Series: 302. Participant ID: 292. Rank = I. z score = 1.48. 
0 
....... 
co 
CD 
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" ... Space craft .... The solar system. The underside of a helicopter or 
a submarine or some kind of fish that you're seeing from under
neath .... Son of being underneath it. Sort or being underneath it. ... A 
very strange image like a cartoon character, animated character. With 
his mouth open kind of. ... Like a hypodermic needle or a candle or 
this shaft like thing with the a pointed top again .... missiles 
flying .... An aerial perspective .... I'm just kind of editing here I think. 
I'm really hoping all this rocketship kind of imagery isn't because or the 
noise. I feel like I'm in a rncketship or something .... Thal image or I he 
ship going into the belly of the mother ship .... " 

COMPARISON OF STUDY OUTCOMES WITH 

GANZFELD META-ANALYSIS 

In this section, we compare the automated ganzfeld study out
comes with the resuhs of earlier ga11zldd studies, sunmiarized i111i1 

; . ~ 
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TAIIU-: :> 
COMl'ARISON OF OVERALi. PERFORMANCE IN AUTO~IATED GANZFE!.D AND 

META-ANALYSIS DATA SETS 

Outcome N 
vari;1hlc Database studies Mean SD I df /1 

z scores Meta-analysis 28 1.25 1.57 
0.33 25 .748 

Autoganzfeld 11 1.10 1.14 

Effect sizes (h) Meta-analysis 28 .28 .46 
0.11 28 .892 

Autoganzfdd 11 .29 .'.29 

Note. The /1 values are two-tailed. 

meta-analysis (I·lonorto11, 1985). We compare the two databases on 
four dimensions: (1) overall success rate, (2) dynamic versus static 
targets, (:\) sender/receiver pairing. and (4) novice versus experi
enced subjects. 

Overall Success Rate 

To assess the consistency of results, we compare the 11 · auto
ganzfelcl series to the 28 studies in a meta-analysis of earlier ganz
feld studies (Honorton, 1985, Table Al, p. 84), using direct hits as 
the dependent variable. The outcomes of the two data sets are con
sistent. Both display a predominance of positive outcomes: 23 of the 
28 studies in the meta-analysis (82%) and 10 of the 11 autoganzfeld 
series (91 %) yield positive z scores. The mean autoganzfeld z scores 
and effect sizes are very similar to those in the meta-analysis. (Sef; 
Table 5.) 

Combiur'd Est£ma.tes of Ganzfeld Success Rate 

Because the z scores and effect sizes for the automated ganzfeld 
are consistent with the original set of 28 studies irt the meta-analysis, 
a better estimate of their true population values may be obtained by 
combining them. Positive outcomes were obtained in 33 of the 39 
studies (85%); the 95% CI is from 69% to 99%. Table 6 shows a 
stem-and-leaf frequency plot of the z scores (Tu key, 1977). Unlike 
other methods of displaying frequency distributions, the stem-and
leaf plot retains .the numerical data precisely. (Turned on its side, 
the stem-and~leaf plot becomes a conventional histogram.) Each 
number includes a stem and one or more leaves. For example, the 
stem 1 is followed by leaves of 6,6,6, 7, 7, 7, representing z scores of 
I.G,l.G,I.G,l.7,l.7,1.7. Iu the display, the letter "H" identifies the 
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TABLE 6 
DISTRIBUTION OF Z Sco1u:s 

Leaf 

Minimum z = -1.97 
D7 Lower hinge -- 0. 2:i 
85 Median z = 0.92 
33 Mean z = 1.28 

H 222224 Upper hinge = 2.08 
M 6667777999 Maximum z = 4.02 

666777 SD = 1.44 
H Oil Skewness (g,) = 0.05 

8 Kurtosis (g,) = -0.37 
01124 Combined (Stouffer) z = 7.53 
9 
0 

g upper and lower hinges of the distribution, and "M" identifies its 
::.:: median. The z's range from - 1.97 to 4.02 (mean z = 1.21, SD = 

co 1.45 ), and the 95% CI is a z from . 76 to 1.66. 
Q The combined z for the 39 studies is 7.53 (jJ = 9 x lo-"'). 
~ Rosenthal's ( 1984) file-drawer statistic indicates that 778 additional 
~ studies with z scores averaging zero would be required to reduce the 
"'C significance of the combined ganzfeld database to nonsignificance; 
~ that is a ratio of 19 unknown studies for every known study. 
6 A stem-and-leaf display of the effect sizes is shown in Table 7. 
~ The effect sizes range from - .!J:I LO I .1'1 (mean It = .'.28, S/J = .'1 I). 
gg The two most extreme values on both sides of the distribution arc 
~ outliers. The 9.5%, Cl is an ft between .1.5 and .11; the equivalent hit 
8 rate is from 31.5% to 44.5%. 

.. -~-------· --··------ ·-···-·-----~--~---------- --···------··----------

0 

g Dynamic Versus Static Targets 
(.) 
0 

g The use of video sequences as targets is a novel feature of the 
7" autoganzfeld database. However, a comparable difference in target 
.llo,. type exists in the earlier ganzfeld studies. Of the 28 direct hits stud-

ies in the meta-analysis, 9 studies (by three independent investiga
tors) used View Master stereoscopic slide reels as targets 
(Honorton, 1985, Studies 7-8, 16-19, 21, 38-39). Static targets 
(single pictures or slides) were used in the remaining 19 studies by 
seven independent investigators (Studies 1, 2, 4, 10-13, 23-31, 33-
34, 41-42). Like the autoganzfeld video sequences, View Master tar
gets present a variety of images reinforcing a central target theme. 
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TAIII.E 7 
DISTRIBUTION OF EFFECT SIZES (COHEN'S h) 

Stem Leaf 

-.!I :1 "O 
"O 

-.4 0 ., 
0 

OUTSIDE VALUES < 
(D 

Minimum h = -0.93:2. 
-.3 1 Lower hinge = O.l~ 
-.1 0 Median h = 0.2 
-.0 51 Mean h = 0.2~ 

.0 7779 Upper hinge = 0.41<6" 

.1 H 002888 Maximum h = 1.4,t 

.2 M 1334 SD = 0.4 ICD 

.3 11144777 Skewness (g,) = 0.2~ 

.4 H Oil 13 Kurtosis (g,) = 2.4~ 

.5 7 -0 

.7 3 .llo,. -. 8 17 
...... 
co 

OUTSIDE VALUES 
1.,1 3 

(') 

1.4 4 )> 
I 

CJ 
To compare the relative impact of dynamic and static targets irJ 

the autoganzfeld and meta-analysis, we obtained point-biserial cor-6 
relations for each data set using target type (static or dynamic) a~ 
the predictor variable and the series effect size, Cohen's h, as tht..-g 
outcome variable. We test the difference between the two cor.rela-;::c 
tions using Cohen's q (Cohen, I 977). Dynamic targets yield signifi.g 

· - ---c;mrly-iargereffettw.e-:,i-rrboth-·data-sets-:·-For·-th-e · 111eta-,111<1fysis ;--ri~~ 
is .409, t (26) = 2.28, p = .015; and for the autoganzfeld, ~s re_g 
ported above, rl' is .663. The two correlations are not significant!~ 
different (q = .36; z = 1.14). Therefore, we combine the,two dat~ 
sets to obtain a better estimate of the relationship between effect size~ 

I 

and target type: rP = .439, t (45) = 3.28, p = .002. The 95% Cls.llo,. 

are 24% to 36% for static targets and 38% to 55% for dynamic tar
gets. Thus, the cumulative evidence strongly indicates that dynamic 
targets are more accurately retrieved than static targets. 

Sender/Recefver Pairing 

A simihir analysis compares the effects of sender/receiver pairing 
in the two databases. Studies in the meta-analysis did not routinely 
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provide detailed breakdowns regarding sender/receiver pamng. 
Sender/receiver pairing in the meta-analysis can only be cockd ac
cording to whether suqjects could bring friends to serve as their 
sender 01 wc1e n:s11·it1cd lo Ld,01alo1·y sc11dc1s. 111 17 s1111lic-s, l,y six 

independent investigators, subjects were free to bring friends 
(Honorton, 1985, Studies 1-2, 1, 7-8, I G, 23-28, 30, 33-31, 38-
39). Laboratory-assigned senders were used exclusively in the re
maining 8 studies, by four independent investigators (Studies 10-
12, 18-19, 21, 29, 41). (Three studies using clairvoyance proce
dures and no senders are excluded from this analysis.) For the au
toganzfeld studies, we calculated separate effect sizes for each series 
by sender type (combining lab friend and friend for comparability 
\Vith the meta-analysis). In the meta-analysis, r" (23) is .-10'.>; larger 
effect sizes occurred in studies where friends could serve as sender 
(t = 2.11, p = .023). For the aut?ganzfeld, as reported above, rP is 
.363, in the same direction. The two correlations are very similar (q 
= .05; z = 0.14) and are combined to give a better estimate of the 
relationship between sender/receiver pairing and ganzfeld study 
outcome: rl' = .38, l (42) = 2.66, /J = .0055. The 95% Cls are 20% 
10 31 'Yc, f"or 1111ac:q11ai111cd scnd('r/rccciver pairs and :H. I'){, lo ·l\l.~% 
for friends. Thus, the sender/receiver relationship does have a sig
nificant impact on performance. 

Effect of Prior Ganzfeld Experience 

The meta-analysis includes 14 studies, by nine independent in
vestigators, in which novices are used exclusively (Honorton, 1985, 
Studies 2, 4, 8, 10-12, 16-18, 23-24, 31, 41-42). Experienced or 
mixed samples of novice and experienced su4jects are used in the 
remaining 14 studies, by four different investigators (Studies 1, 7, 
19, 21, 25-30, 33-34, 38-39). Studies using experienced su4jects 
were more successful than those limited to novices; the point-biserial 
correlation between level of experience an<l effect size is .229, t (26) 
= 1.20, p = . I 2. For the autoganzfeld studies, as reported above, 
r P is .078. The two correlations do not differ significantly (q = .155; 
z = 0.40), and the combined r" is .194, t (38) = 1.22, p = . l 05. The 
respective 95% Cls are 24.5% to 44.5% for novices and 35.5% to 
48% for experienced subjects. 

The 95% Cls for these comparative analyses arc shown graphi
cally in Figure 2. The bottom two rows are Cls for the overall hit 
rates in the meta-analysis and autoganzfeld, respectively. The next 
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Fig-ure 2. Comparison of autoganzfeld and meta-analysis 95% confidence~ 
limits. Abbreviations arc defined as follows: Meta = meta-analysis stuclies,g 
Auto = automated ganzfeld studies, Dyn = dynamic targets, Sta = static"""' 
!;U"g-cts, Lab = laboratory senders, Fr = sender is friend or acquaintancegg 
of receiver, Novice = no prior ganzfeld experience, Exper = prior ganz-~ 
(dd experience. 8 

..... 
two rows give the Cis for dynamic targets in the two data sets, andg 
SO Oil. (.) 

0 
0 
0 ..... 

DISCUSSION 

We now consider various rival hypotheses that might account for 
the experirnental outcomes, and the degree to which the automated 
ganzfeld experiments, viewed in conjunction with the ear]ie,r psi 

.I:,. 
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ganzfeld studies, constitute evidence for psi communication. Finally, 
we consider directions for future research suggested by these !ind-
mgs. 

Rival Hypotheses 

l'si Co111m1111irntioll in t/11· c:a11:/i·ld I,);) 

iments. Nevertheless, to totally exclude any possibility of subliminal 
cueing, we modif-ied the equipment. Additional testing c?:1~rmed 
LhaL this 111odilicatio11 effectivdy eliminated all leakage. I !us was 
formally confirmed by an audio spectrum analysis, co':'~ring the _fre
quency domain between 475 Hz and 15.2 kHz. _The cntlcal_ q~e~t1on, 

_ of course, is whether performance on dynamic targets d1mm1shed 
Semory Cues. Only Se knows t.hc identity of the t.aq~et until R after this modifi.cation. The answer is no: in fact, performance im-

finishes the automated judging proce_du~e. If Se i~ not a P~L staff proved. ~efore the modification, the direct hit rate on _dyna_mic tar-
member, a staff men:iber not ?therw1se involved m the session su- gets was 38% (150 trials, 57 hits, h = .28, exact bmom1~l p = 
pervises target selection. In either case, the target selector knows .00029, z = 3.44); the 95% CI was from 31 % to 45%. Followmg the 
only which videocassette contains the targe~- The target selector modification, the direct hit rate was 50% (40 trials, 20 hits, h = .52, 
leaves the monitoring room with the remainmg three tar~et tapes exact binomial p = .00057, z = 3.25) with a 95% CI from 37% to 
after knocking three times on the monitoring room door, s1gnallmg 63%. The direct hit rate for all targets-static and dynamic-after 
E to return. Since the target selector only knows the videocassette the modification was 44% (64 trials, 28 hits, h = .39, exact binomial 
number, variations in knocking cannot communicate a?y _useful in- (J = .00082, z = 3.15). 
formation to E. The cardboard cover over the VCR ehmmate~ a~y Rmulomiwliun. As Hyman and 1-Ionorton (1986, p. 357) have 
visual cues to E regarding_ the positi~n of the videotape o~-the actI:- pointed out, "Because ganzfeld experiments involve only o~e t~rget 
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~ ity of the VU meters (which are active when the target 1s dynamic selection per session ... , the ganzfeld investigator can restrict his or 

(') and has a soundo_·a~k). _ . . . _ _ . , _ _ _ _. hei· attention to a frequency a_nalysis allowing ,_l~ses.~ment of tl~e de- , 
)> Se_nsory transm~ss1on from S~ to R dunng the ganzfeld sess10n is gree to which targets occur with equal probability. We have docu- Q 

..... 
co 

;;o eliminated by havmg Rand Se _m separate, sound-att~nuated rooms. mented both the general adequacy of the RNG used for target se- t" 
~ If ~ither p~rticipant leaves their ro~m ~efore R's _r~ungs have been lection and its proper functioning_ during _the experiment. . ~ 
co registered m the computer, the session 1s uncond1t10nal~y aborte?. Data selection. Except for two pilot studies, the number of paruc- ""C 

'?> The videotape target display system prevents pot~nt1a) handlm? ipants and trials were specified in advance for each series. The pilot ~ 
g cues during the judging procedure. Computer reg1strat1on of Rs or formal status of each series was similarly specified in advance and g 
~ target ratings and automated feedback aftrr the session prevents the rccor<lc<l 011 <lisk before beginning the series. We have reported all ~ 
~ possibility of cheating by Se during feedback, raised by Hyman trials, including pilot and ongoing series, using the automated ganz-. ~ 8 (1985). . _ _ feld system. Thus, there is no "file-drawer" proble~ in this data- g 

--= --------A:fter-ctbottt---80-o/o--Bf-tdl-@.--s@&s«ms-.were-~-IL.was_be.c.ommg__ _____ ---------------base-:----------------------------------------------------------------------------- -----------------~----
g clear that our hypothesis concerning the super~ority of dyn~mic tar- Psi ganzfeld success rate is similar for pilot and formal sessions: g 
8 gets over static targets was receiving substantial confirmation. Be- The proportion of hits for the 66 pilot sessions is .32 (h = .16, p = o g cause dynamic targets contain auditory as well as visu~l ~1:for~~tio1:, .129, z = 1.13). For the 289 formal ses.s'.ons, _t~_e prop~rtion c?rr~ct g 
7"' we conducted a supplementary test to assess the yoss1h1hty, ol ,tll((t- is .35 (It = .22, 1' = .000 J, z = 3.71). I he d1ffcrcnce 1s not s1g111fi- ~ 
.llo,, tory leakage from the VCR soundtrack to R. With the VCR audio cant: X~ = 0.11, I df, /J = .734. J:.,. 

set to normal amplification, no auditory signal could be detected If we assume that the remaining trials in the three unfinished 
through R's headphones, with or without white noise. When an ex- series would yield only chance results, these series would still be sta-
ternal amplifier was added between the VCR and R's headphones tistically significant (exact binomial p = .009, z = 2.36). This ':ould 
and with the white noise turned completely off, the soundtrack reduce the overall z for all 11 series from 3.89 to 3.61. Thus, mclu-
could sometimes be faintly detected. It is unlikely that subjects coul? sion of the three incomplete studies does not pose an optional stop-
have detected any target audio signal with the nor1:1al VCR amph- ping problem: 1. 

fication and white noise; as we have reporte~, there 1~ no correlation Multiple analysis. Informal examination of recent issues of sev~ral 
between ganzfeld success rate and white noise level m these exper- American Psy{:hological Association journals suggests that correction 

~ ' 
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for multiple comparisons is not a common practice in more conven
tional an:as or psychological inquiry. N<.:v<.:rtheless, hair or 11 y111an 's 
( 1985) 50-page critique or earlier psi gan,Jeld research focused on 
issu<.:s related to multiple testing. 111 the present case, advance spec
ification of the primary hypothesis and method of analysis prevents 
pn1l1IC'111S i11volvi11g 11111llipk analysis or 11111lliple i11din·s i11 ,n11· test 

of the overall psi ganzfeld effect. Our direct hits analysis is actually 
less significant than either the sum of ranks method (z = '1.(Jtt, /1 
'2. 7 X 10- r.) or Stanford's z scores (l = 4.53, 354 dJ; p = 4.1 x 
1 o-6

). 

In addition to the primary hypothesis, howC'vcr, we also tested 
two secondary hypotheses concerning the impact of" ta1·get tvp<' ;md 
sender/receiver pairing 011 psi performance, and we have presented 
several purely exploratory analyses as well. Our Results section in
cludes I!"; .,ig11ifi,;111u· tc:,,t:,, i11l'olvi11g psi ])('.id.or111a11cc as Ilic dcpc11-

dent variable, and the p values cited are not adjusted for multiple 
comparisons. Of the 15 significance tests, 9 are associated with p < 
.05. The Bonferroni multiple comparisons procedure provides a 
conservative method of adjusting the alpha level when several si
multaneous tests of significance are performed (Holland & Copen
haver, I 988; Hyman & Honorton, 1986; Rosenthal & Rubin, I 984) . 
When the Bonferrn11i adjustment is applied, six or the nine imlivid
ually significant outcomes remain significant; these are: the overall 
hit rate, the sul~ject-based analysis using Stanford z scores, the dif
ference between dynamic and static targets, the dynamic target hit 
rate, and the hit rate for experienced subjects. 

Although the relationship between psi performance and sender 
type is not i11depe11dc11tly significant in the autoganzldd, th<.: cor
relation coefficient of .363 is close to that observed in the meta
analysis (r = .403), and the combined result is significant. The cu
mulat ivc evicll'nce. there fore, does support the conclusion I hat the 
scnclcr/receiver rclalicmship is a significant moderator or ganzfdd 
psi performance. 

Security. Given the large number of sul~jects and the significance 
of the outcome using su~jects as the unit of analysis, suqject decep
tion is 1101 a plausible explanation. Th(' automated ganzf'clcl protocol 
has been examined by several dozen parapsychologists and behav
ioral researchers from other fields, including well-known critics of 
parapsychology. Many have participated as subjects, senders, or ob
servers. All have expressed satisfaction with our handling of security 
issues and controls. 

In addition, two experts on the simulation of psi ability have ex
amined the autoganzfeld system and protocol. Ford, Kross has been 

;,\ 
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a prol<:ssional mentalist for over 20 yea1·s. I le is the author of many 
articles ill me!lta!ist periodicals and has served as Secretaryfrreas
urcr of' the Psychic Entertainers Association. Mr. Kross has provided 
us with the following statement: "In my professional capacity as a 
1n<·11t;1lis1. I h;1V<' n·vi<'W<'d l'svchophvsictl Research Laboratories' 
automated ganzldd system and found it to provide excellent secu
rity against deception by subjects" (personal communication, May, 
I ~)8\)). We have received similar COllllllents from Daryl Bem, Pro
fessor of Psychology at Cornell University. Professor Bern is well 
known for his research in social and personality psychology. He is 
also a member of the Psychic Entertainers Association and has per
formed ror 111a11y years as ;t mc11talist. I le visited l'Rl. f'or SC\'tTal 
days and was a subject in Series 101. 

TIH' iss1w of" i11v(·stii,:-;1tm· i111ci,:-1·ity ca11 only lw concl11sivdy ad
dressed through independent replications. lt is, however, worth 
drawing attention to the I 3 sessions in which a visiting scientist, 
Marilyn J. Schlitz, served as either experimenter (N = 7, 29% hits, 
I,. = .08) or sender (N = 6, 67% hits, h = .36). Altogether, these 
sessions yielded 6 direct hits (N = 13, 46.2% hits, h = .45). This 
effect size is more than twice as large as that for the database as a 
whole. 

Status of the Evidence for Psi Communication in the Ganzfeld 

The automated ganzfeld studies satisfy the methodological 
guidelines recommended by Hyman and Honorton (1986). These
suits are statistically significant. The effect size is homogeneQl.lS 
across 11 experimental series and eight differenr experimenters. 
Moreover, the autoganzfeld results are consistent with the outcomes 
of' the earlier, nonautomated ganzfeld studies; the combined z .of 
7 .!i:~ would be expected to arise by chance less than one time in 9 
trillion. ' 

We have shown that, contrary to the asserdons of certain critics 
(Druckman & Swets, 1988, p. 175), the ganzfeld psi effect exhibits 
"consistent and lawful patterns of covariation found in other areas 
or inquiry." The automated ganzldd studies display the same pat
terns of relationships between psi performance and target type, 
sender/receiver acquaintance, and prior testing experience found in 
earlier ganzfeld studies, and the magnitude of these relationships is 
consistent across the two data sets. The impact of target type and 
sender/receiver acquaintance is also consistent with patterns in spon
taneous case studies, linking ostensible psi experiences to emotion
ally significant events and persons. These findings cannot be ex-
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plained by conventional theories of coincidence (Diaconis & 
Mosteller, 1989). 

Hyman and Honorton ( I 986) have stated, 

... the best way to resolve the [ganzfeld] controversy ... is to await the 
outcome of future ganzfeld experiments. These experiments, ideally, 
will be carried out in such a way as to circumvent the file-drawer prob
lem, problems or muhiplc analysis, and the various dcf"ccts in ra11do111-
ization, statistical application, and documentation pointed out by 
Hyman. If a variety of parapsychologists and other investigators con
tinue to obtain significant results under these conditions, then the exis
tence of a genuine communications anomaly will have been demon
strated. (pp. 353-354) 
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We urge ganzfeld investigators to use dynamic targets and to de
sign their studies to allow subjects to have the option to have friends 
or acquaintances as their senders. The similarity of the autoganzfeld 
and meta-analysis data sets strongly indicates that these factors arc 
important moderators of psi ganzfeld performance. If our estimate :t:=

of the impact of dynamic and static targets is accurate, a SO-session~ 
series using dynamic targets has approximately an 84% chance of~ 
yielding a significant outcome. A comparable series with static tar- CD 

gets has only about one chance in five of achieving significance. ~ 
0 ., 
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Speculations abou/ the ;o/e of consciousness in physical sysJems are frequen1/y 
observed in the literature concerned Kith 1he interpretation of Juanrum mechanics. 
While only three experimenlaf inves1igations can be found on jhis lopic in physics 

journals, more than 800 relevant experiments have been reporf'ed in the literature 
of parapsychology. A well-defined body of empirical eridenc from this domain 
K'as reriewed using meta-analytic techniques to assess method logical quality and 
overall effect size. Results showed effects conforming to ch ce expectalion in 
control conditions and unequivocal non-chance effects in expe~imema/ conditions. 
This quamitative literature rei,iew agrees with 1he findings of two earlier reviews, 
sugges1ing /he existence of some form of consciousness-rela1ed !romaly in random 
physical systems. . 

1. INTRODUCTION 
i 

The nature of the relationship between human conscio4sness and the 
physical world has intrigued philosophers for millenia. I? this century, 
speculations about mind-body interactions persist, often contributed by 
physicists in discussions of the measurement problem in quantum mechanics. 
Virtually all of the founders of quantum theory-Plan~k, de Broglie, 
Heisenberg, Schrod!n.ger, Ein~tein~onsid~r~d this subject if depth,< 1 

i and 
contemporary phys1c1sts contmue this tradition. <

2
-

7
> : 
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The following expression of the problem can be found in a recent 
interpretation of quantum theory: 

If conscious choice can decide what particular observation I measure, and there
fore into what states my consciousness splits, might not conscious choice also 
be able to influence the outcome of the measurement~ One possible place where 
mind may influence matter is in quantum effects. Experiments on whether it is 
possible to affect the decay rates of nuclei by thinking suitable thoughts would 
presumably be easy to perform, and might be worth doing.' 81 

Given the distinguished history of speculations about the role of 
consciousness in quantum mechanics, one might expect that the physics 
literature would contain a sizable body of empirical data on this topic. A 
search, however, reveals only three studies. 

The first is in an article by Hall, Kim, McElroy, and Shimony, who 
reported an experiment "based upon taking seriously the proposal that the 
reduction of the wave packet is due to a mind-body interaction, in which 
both of the interacting systems are changed."c 9

i This experiment examined 
whether one person could detect if another person had previously observed 
a quantum mechanical event (gamma emission from sodium-22 atoms). 
The idea was based on the supposition that if person A's observation 
actually changes the physical state of a system, then when person B obser
ves the same system later, B's experience may be different according to 
whether A has or has not looked at the system. Hall et al.'s results, based 
on a total of 554 trials, did not support the hypothesis; the observed 
number of "hits" obtained in their experiment was precisely the number 
expected -by chance (277), while the variance of their measurements was 
significantly smaller than expected (p < 0.05 ). (9 > 

The second study is referred to by Hall et al., who end their article by 
pointing out that a similar, unpublished experiment using cobalt-57 as the 
source was successful ( 40 hits out of 67 trials ).° 0

' 

The third study is a more systematic investigation reported by 
Jahn and Dunne,< 11 

> who summarize results of over 25 million binary 
trials collected during seven years of experimentation with random-event 
generators. These experiments, involving long-term data collection with 
33 unselected individuals, provide persuasive, replicable evidence of an 
anomalous correlation between conscious intention and the output of 
random number generators. 

Thus, of three pertinent experiments referenced in mainstream physics 
journals, one describes results statistically too close to chance expectation 
and two describe positive effects. c9-

11 
> Given the theoretical implications of 

such an effect, it is remarkable that no further experiments of this type can 
be found in the physics literature; but this is not to say that no such 
experiments have been performed. In fact, dozens of researchers have 
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' 
reported conceptually identical experiments in the puzzling an~ uncertain 
domain of parapsychology. Perhaps because of the insular! nature of 
scientific disciplines, the vast majority of these experiments arr unknown 
to most scientists. A few critics who have considered this literature have 
dismissed the experiments as being flawed, nonreplicable( or open 
to fraud, 02 - 16

> but their assertions are countered by at/ least two 
detailed reviews which provide strong statistical support for ~t~e existence 
of anomalous consciousness-related effects with rando , number 
generators. <11

•
18

> In this paper, we describe the results of a co prehensive, 
quantitative meta-analysis which focused on the questions of methodologi-
cal quality and replicability in these experiments. / 

2. THE EXPERIMENTS I 
The experiments involved some form of microelectro~I ic random 

number generator (RNG ), a human observer, and a set of ins ructions for 
the observer to attempt to "influence" the RNG to generat particular 
numbers, or changes in a distribution, solely by intention.I RNGs are 
usually based upon a source of truly random events such ~s electronic 
noise, radioactive decay, or randomly seeded pseudorandom stquences.<19

> 

Feedback about the distribution of random events is often prolvided in the 
form of a digital display, but audio feedback, computer gra~! hies, and a 
variety of other mechanisms have also been used. Some o the RNGs 
described in the literature are technically sophisticated, the : st devices 
employing electromagnetic shielding, environmental failsafe !mechanisms 
triggered by deviant voltages, currents, or temperaturei automatic 
computer-based data recording on magnetic media, redundaqt hard copy 
output, periodic randomness calibrations, and so on.< 18

•201 
j 

RNGs are typically designed to produce a sequence of ra?dom bits at 
the press of a button. After generating a sequence of say, 100 !random bits 
(O's or l's), the number of l's in the sequence may be provided/as feedback. 
In an experimental protocol using a binary RNG, a run migpt consist of 
an observer being asked to cause the RNG to produce, in thrfe successive 
button presses, a high number (sum of l's greater than chan~ expectation 
of 50), a low number (less than 50), and a control condition ~ith no direc
tional intention. An experiment might consist of a group oj individuals 
each contributing a hundred such runs, or one individual !contributing 
several thousand runs. Results are usually analyzed by comparing high 
aim an~ low aim means against a control mean or theor,tical chance 
expectation. · 
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3. MET A-ANALYTIC PROCEDURES 

The quantitative literature review, also called meta-analysis, has 
become a valuable tool in the behavioral and social sciences. <211 

Meta-analysis is analogous to well-established procedures used in the 
physical sciences to determine parameters and constants. The technique 
assesses replication of an effect within a body of studies by examining the 
distribution of effect sizes. <22

-
24

> In the present context,· the null hypothesis 
(no mental influence on the RNG output) specifies an expected mean effect 
size of zero. A homogeneous distribution of effect sizes with nonzero mean 
indicates replication of an effect, and the size of the deviation of the mean 
from its expected value estimates the magnitude of the effect. 

Meta-analyses assume that effects being compared are similar across 
different experiments, that is, that all studies seek to estimate the same pop
ulation parameters. Thus the scope of a quantitative review must be strictly 
delimited to ensure appropriate commonality across the different studies 
that are combined. <

21
•
25

> This can present a nontrivial problem in meta
analytic reviews because replication studies typically investigate a number 
of variables in addition to those studied in the original experiments. In the 
present case, because different subjects, experimental protocols, and RNGs 
were employed within the reviewed literature, some heterogeneity 
attributable to these factors was expected in the obtained distribution of 
effect sizes. However, the circumscription for the review required that every 
study in the database have the same primary goal or hypothesis, and hence 
estimate' the same underlying effect. 

Experiments selected for review examined the following hypothesis: 
The statistical output of an electronic RNG is correlated with observer 
intention in accordance with prespecified instructions, as indicated by 
the directional shift of distribution parameters (usually the mean) from 
expected values. 

Because this "directional shift" is most often reported as a standard 
normal deviate (i.e., Z score) in the reviewed experiments, we determined 
effect size as a Z score normalized by the square root of the sample size 
(N), e = z;.jN, where N was the total number of individual random events 
(with probability of a hit at p = 0.5, p = 0.25, etc.). This effect size measure 
is equivalent to ~ Pearson product moment correlation. <

21 
> 

3.1. Unit of Analysis 

To avoid redundant inclusion of data in a meta-analysis, "units of 
analysis" are often specified. We employed the following method: If 
an author distinguished among several experiments reported in a single 
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article with titles such as "pilot test" or "confirmatory test!," or provided 
independent statistical summaries, each of these studies tas coded and 
quality-assessed separately. If an experiment consisted o'.I two or more 
conditions comparing different intentions or types of RNP devices, the 
data were split into separate units of analysis to allow th;e results to be 
coded unambiguously. In general, within a given revieied report, the 
largest possible aggregation of nonoverlapping data col~ected under a 
single intentional aim was defined as the unit of analysis (~ereafter called 
an experiment or study). I 

For each experiment, a Z score was assigned co1responding to 
whether the observed result matched the direction of int ntion. Thus, a 
negative Z obtained under intention to "aim lctw" was ,recorded as a 
positive score. When sufficient data were provided in a Jreport, Z was 
calculated from those data and compared with the reporld results; the 
new calculation was used if there was a discrepancy. If o ly probability 
levels were reported, these were transformed into the c rresponding Z 
score. For experiments reported only as "nonsignificant," ia conservative 
value of Z = 0 was assigned; if the outcome was reported oply as "statisti
cally significant," Z = 1.645 was assigned; and if sample sizejwas not repor
ted or could not be calculated from the information pro~ided, a special 
code of N = 1 was assigned. j 

i 
i 3.2. Assessing Quality j 

Because the hypothesized anomalous effect is not J easily accom
modated within the prevailing scientific world-view, it;· is particularly 
important to assess the trustworthiness of each review d experiment. 
Unfortunately, estimating experimental quality tends to e a subjective 
task confounded by prior expectations and beliefs. '26

•
27

> Estimates of inter
judge reliability in assessing the quality of research report!s. for example, 
rarely exceed correlations of 0.5. c2s> We addressed th~s problem by 
assigning to each experiment a single quality weight derive~ from a set of 
sixteen binary (present/absent) criteria. The first authpr coded and 
double-checked the coding for all studies; the second authot independently 
coded the first 100 studies. Inter-judge reliability for qual,ty criteria was 
r = 0.802 with 98 degrees of freedom. i 

These criteria were developed from published c~iticisms about 
random-number generator experiments 04

·
15

•
29

-
33

> and from I expert opinion 
on important methodological considerations when perft

1 
rming studies 

involving human behavior. <
20

•
34

·351 Collectively, these c iteria form a 
measure of credibility by which to judge the reported da a. The criteria 
assess the integrity of the experiment in four categori s-procedures, 
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statistics, the data, and the RNG device-and they cover virtually all 
methodological criticisms raised to date. They are ( 1 ) control tests noted, 
(2) local controls conducted, (3) global controls conducted, (4) controls 
established through the experimental protocol, (5) randomness calibrations 
conducted, (6)"failsafe equipment employed, (7) data automatically recor
ded, (8) redundant data recording employed, (9) data double checked, 
(10) data permanently archived, ( 11) targets alternated on successive trials, 
(12) data selection prevented by protocol or equipment, (13) fixed run 
lengths specified, (14) formal experiment declared, (15) tamper-resistant 
RNG employed, and ( 16) use of unselected subjects. 

Each criterion was coded as being present or absent in the report of 
an experiment, specifically excluding consideration of previously published 
descriptions of RNG devices or control tests. This strategy was employed 
to reflect lower confidence in such experiments since, for example, random
ness tests conducted once on an RNG do not guarantee acceptable perfor
mance in the same RNG in all future experiments. As a result, assessed 
quality was conservative, that is, lower than the "true" quality for some 

· experiments, especially those reported only as abstracts or conference 
proceedings. Using unit weights (which have been shown to be robust in 
such applications< 361

) on each of the sixteen descriptors, the quality rating 
for an individual experiment was simply the sum of the descriptors. Thus, 
while a quality score near zero indicated a low quality or poorly reported 
experiment, a score near sixteen reflected a highly credible experiment. 

3.3. Assessing Effect Size 

Assume that each of K experiments produces effect size estimates e of 
a parameter E, based on N samples, and that each e has a known standard 
error s. The weighted mean effect size is calculated as e. = L w;eJI W;, 

where W; = 1/s; = N;, and i ranges from 1 to K. The standard error of e. is 
s, = (I w;)- 112

• A test for homogeneity for the K estimates of e; is given by 
HK=I,w;(e;-e.) 2

, where HK has a chi-square distribution with K-1 
degrees of freedom.<371 The same procedure can be followed to test for 
homogeneity of effect size across M independent investigators. In this case, 
e. j and s,j are calculated per investigator, and the test for homogeneity is 
performed as HM= L wie. 1- e. M )

2
, where e. 1 and wj are mean weighted 

effect size and 1/s; per investigator, respectively, e. M = I w1e. )L wj, and 
j ranges from 1 to M. HM has M - I degrees of freedom. 

For a quality-weighted analysis, we may determine e.Q= 
L (Q;w;e 1)/'E. (Q;w,), where Q; is the quality assessed for experiment i. The 
standard error associated with eQ is se0 =([(Q;w;)l(LQ;w;) 2

)-'
12; the 

test for homogeneity is similar to that described above. Finally, following 
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the practice of reviewers in the physical sciences,l23
•
24

J we dele;,~ed potential 
"outlier" studies to obtain a homogeneous distribution of effec sizes and to 
reduce the possibility that the calculated mean effect size m y have been 
spuriously enlarged by extreme values. The procedure used w4ts as follows: 
If the homogeneity statistic for all studies was significant (a~'I the p < 0.05 
level), the study that would produce the largest reduction i this statistic 
was deleted; this was repeated until the homogeneity statisti had become 
nonsignificant. , 

I 
4. RESULTS I . 

On-line bibliographic databases for psychology and phisics journals 
were searched, as was a specialized database covering par psychological 
articles, technical reports, conference proceedings and , manuscripts. 
Altogether 152 references were found from 1959 to 1987. rhese reports 
described 832 studies conducted by 68 different investigators (597 
experimental studies and 235 control studies). Fifty-four ex~rimental and 
33 control studies reported only as non significant were assi~red Z = 0. Six 
experiments and two control studies coded as (N = 1,, Z > 0) were 
eliminated from further meta-analysis because effect size !could not be 
accurately estimated (this required the elimination of one iniestigator who 
reported a single study). Figures 1 and 2 show the distributi ns of Z scores 
reported for control and experimental studies, respectively. , 

CONTROL, N • 235 

9 

6 

"1 0 
Z-SCORES 

I 
THEO~Y 
FlT I 00000 

SHIFT! 
' 

5 

Fig. 1. Distribution of Z scores reported in 235 control studies. Thirty-t~ree or these studies 
v.ere reported only as "nonsignificanttt and were assigned Z scores of ~~ro. To replace the 
spurious spike at Z = 0, those 33 studies were recast as normally d\stributed Z scores. 
bounded by ± 1.64, averaging Z = 0. I 
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REG META-ANALYSIS: FREQUENCY OF Z-SCORES 
12 .-----------------------------, 

EXPERIMENTAL, N • 597 

9 

THEORY 
FIT 
SHIFi' 

0 0 0 0 0 

[,l 3 .... 

-3~-~--~--~--~"-=~~-~-~~-~--~-~ 
-5 -4 -3 -2 -1 ··-·o 2 3 4 5 

Z-SCORES 

Fig. 2. Distribution of Z scores reported in 597 experimental studies. Fifty-four of these 
studies were reported as "nonsignilicant~ and were assigned Z scores of zero. As in Fig. l. 
those 54 studies were recast as normally distributed Z scores, bounded by ± 1.64, averaging 
Z=O. 

"' N 
"iii 

~ 
i 

.L 11 1 1 J. 
N•S8 

T 

., -'--.----.-----.----.---~-~----.----' 
(a) CNTl !bl EXPT IC! 01'1 (d) EXP H te) EXP~ H ~) OUAL (gJ 0UAL H 

Fig. 3: Mean effect size point estimates ± I standard error 
for (a) control studies and (b) individual experiments; 
(c) mean effect size per investigator, (d) homogeneous mean 
effect size for experiments, (e) homogeneous mean effect size 
per investigator, (f) mean effect size for quality-weighted 
experiments, and (g) mean effect size for homogeneous 
quality-weighted experiments. 
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These results, expressed as overall mean effect sizes, sho~ that control 
studies conform well to chance expectation (Fig. 3a ), and that experimental 
effects, whether calcu~ated f?r studies or invest~gators, devia~e signi~ca?tly 
from chance expectation (Fig. 3b, 3c). To obtam a homoge eous dtstnbu
tion of effect sizes, it was necessary to delete 17 % of ind vidual outlier 
studies (Fig. 3d) and 13 % o(mean effect sizes across investig~tors (Fig. 3e ). 
This may be compared with exemplary physical and social Sfience reviews, 
where it is sometimes necessary to discard as many as 45 %[ of the studies 
to achieve a homogeneous effect size distribution. o 9

> Of ind~vidual studies 
deleted, 77 % deviated from the overall mean in the positiveLdirection, and 
of investigator means deleted, all were positive (i.e., supportive of the 
experimental hypothesis). ! 

4.1. Effect of Quality 

Some critics have postulated that as experimental qualjtY increases in 
these studies, effect size would decrease, ultimately regressinf. to the "true" 
value of zero, i.e., chance results. 02

•
13

·
15

·
32

•
33

·
38

> We tested f_his conjecture 
with two linear regressions of mean effect size vs. mean qual~ty assessed per 
investigator, one weighted with wj as defined above and the pther weighted 
with the number of studies per investigator. The calculate~ slope for the 
former is -2.Sx 10- 5 ±3.2x 10- 5

, and for the latter, 1-7.6x 10- 4 ± 
3.9 x 10- 4

, These nonsignificant relationships between quJlity and effect 
size is typical of meta-analytic findings in other fields, l3f' 401 suggesting 
that the present database is not compromised by poot experimental 
methodology. Another assessment of the effect of quality w:as obtained by 
comparing unweighted and quality-weighted effect sizes rer experiment 
(Fig. 3b vs. 3f). These are nearly identical, and the samf is true after 
deleting outliers to obtain a homogeneous quality-weigh~ed distribution 
(Fig. 3d vs. 3g), confirming that differences in methodologfal quality are 
not significant predictors of effect size. ' 

It might be argued that the quality assessment proc4dure employed 
here was nonoptimal because some quality criteria are rrore important 
than others, so that if appropriate weights were · assigned, the 
quality-weighted effect size might turn out to be quite diJfrent. This was 
tested by Monte Cai:lo simulation, using sets of 16 w1ights, one per 
criterion, randomly selected over the range O to 6. A qualit~-weighted effect 
size was calculated for the 597 experiments as before, inow using the 
random weights instead of unit weights, and this process wrs repeated one 
thousand times, yielding a distribution of possible quality ratings. The 
average effect size from the simulation was 3.18x 10~ 4 ±0.lSx 10-4, 
indicating that in this particular database coded by these !sixteen criteria, 

' 

Approved For Release 2003/04/18 : CIA-RDP96-00789R003 00030001-4 



Approved For Release 2003/04/18: CIA-RDP96-00789R003100030001-4 

1508 Radin and Nelson 

the probable range of the quality-weighted mean effect size clearly excludes 
chance expectation of zero. 

4.2. The "Filedrawer" Problem 

Although accounting for differences in assessed quality does not nullify 
the effect, it is well known in the behavioral and social sciences that non
significant studies are published less often than significant studies (this is 
called the "filedrawer" problemf 21

•
41

-4
3>). If the number of nonsignificant 

studies in the filedrawer is large, this reporting bias may seriously inflate 
the effect size estimated in a meta-analysis. We explored several procedures 
for estimating the magnitude of this problem and to assess the possibility 
that the filedrawer problem can sufficiently explain the observed results. 

The filedrawer hypothesis implicitly maintains that all or nearly all 
significant positive results are reported. If positive studies are not balanced 
by reports of studies having chance and negative outcomes, the empirical 
Z score distribution should show more than the expected proportion of 
scores in the positive tail beyond Z:::: 1.645. While no argument can be 
made that all negative effects are reported, it is interesting to note that the 
database contains 37 Z scores in the negative tail, where only 30 would be 
expected by chance. On the other hand, there are 152 scores in the positive 
tail, about five times as many as expected. The question is whether this 
excess represents a genuine deviation from the null hypothesis or a defect 
in reporting or editorial practices. 

This question may be addressed by modeling based on the assumption 
that all significant positive results are reported. A four-parameter fit mini
mizing the chi-square goodness-of-fit statistic was applied to all observed 
data with Z ~ 1.645, using the exponential 

y ::::-1-e-fi(\x-µ\;'u) 

,Ji (J 

(1) 

to simulate the effect of skew or kurtosis in producing the dispropor
tionately long positive tail. This exponential is a probability distribution 
with the same mean and variance as the normal distribution, but with 
kurtosis = 3.0. 

To begin, the null hypothesis of a (0, 1) normal distribution with no 
kurtosis was considered. To account for the excess in the positive tail, 
N = 585,000 filed rawer studies were required, and the chi-squared statistic 
remained far too large to indicate a reasonable fit (see Table I). This large 
N, in comparison with the 597 studies actually reported together with the 
poor goodness-of-fit statistic, suggests that the assumption of a (0, i) 
normal distribution is inappropriate. 
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Although accounting for differences in assessed quality does not nullify 
the effect, it is well known in the behavioral and social sciences that non
significant studies are published less often than significant studies (this is 
called the "filedrawer" problem<21

•
41

-4
3>). If the number of nonsignificant 

studies in the filedrawer is large, this reporting bias may seriously inflate 
the effect size estimated in a meta-analysis. We explored several procedures 
for estimating the magnitude of this problem and to assess the possibility 
that the filedrawer problem can sufficiently explain the observed results. 

The filedrawer hypothesis implicitly maintains that all or nearly all 
significant positive results are reported. If positive studies are not balanced 
by reports of studies having chance and negative outcomes, the empirical 
Z score distribution should show more than the expected proportion of 
scores in the positive tail beyond Z = 1.645. While no argument can be 
made that all negative effects are reported, it is interesting to note that the 
database contains 37 Z scores in the negative tail, where only 30 would be 
expected by chance. On the other hand, there are 152 scores in the positive 
tail, about five times as many as expected. The question is whether this 
excess represents a genuine deviation from the null hypothesis or a defect 
in reporting or editorial practices. 

This question may be addressed by modeling based on the assumption 
that all significant positive results are reported. A four-parameter fit mini
mizing the chi-square goodness-of-fit statistic was applied to all observed 
data with Z "?-1.645, using the exponential 

Y=-·-e-fiux-µJ,"> (1) 
Ji.a 

to simulate the effect of skew or kurtosis in producing the dispropor
tionately long positive tail. This exponential is a probability distribution 
with the same mean and variance as the normal distribution, but with 
kurtosis = 3.0. 

To begin, the null hypothesis of a (0, 1) normal distribution with no 
kurtosis was considered. To account for the excess in the positive tail, 
N = 585,000 filedrawer studies were required, and the chi-squared statistic 
remained far too large to indicate a reasonable fit (see Table I). This large 
N, in comparison with the 597 studies actually reported together with the 
poor goodness-of-fit statistic, suggests that the assumption of a (0, 1) 
normal distribution is inappropriate. 
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Table I, Four-Parameter Fit (£:N, N, Mean, sd) Minimizing Chi-SAuare (!Odf) 

Goodness-of-Fit Statistic to the Positive Tail of the Observed Z Sc0r9 Distribution. 
for Several Exponential: Normal Ratios• [ 

Assumption £:Nratio N Mean sd Chilsquare p 

Normal distribution 0 585.000 0 57,367.84 0 
(null hypothesis) I 5,300 0 f.20.97 0 

2 4,800 0 :167.84 0 
3 4,600 0 ~48.45 0 

10 4,400 0 ill9.69 0 

Empirical distribution 0 700 0.145 2.10 i 23.94 0.008 
I 747 0.345 1.90 i 16.32 0.091 
2 757 0.445 1.80 114.21 0.164 
3 777 0.445 1.80 111.08 0.226 

IO 807 0.445 1.80 11.08 0.351 

'The null hypothesis is tested by clamping the mean at O and the standa d deviation at I. 
allowing N and £: N to vary. The empirical database is addressed by allowing all four 
parameters to vary. 

I 
Adding simulated kurtosis to a (0, 1) normal distribution by mixing 

exponential [Eq. ( 1)] and normal distributions in a 1 : 1 ratio reduced N by 
two orders of magnitude, and ratios of 2: 1, 3: 1, and 10: 1 xponential to 
normal (£: N) yielded further small improvements. Howrver, the chi
squared statistic still indicated a poor fit to the empirical ~ata. Applying 
the same mixture of exponential and normal distributions,[ but starting 
from the observed values of N = 597, mean Z score= 0.645, and standard 
deviation= 1.601, with the constraint that the mean could !only decrease 
from 0.645, resulted in much better fits to the data. Tablh I shows the 
~~~ I 

This procedure shows that the null hypothesis is unvia~le, even after 
allowing a huge filedrawer. The chi-square fit vastly impryves with the 
addition of kurtosis, but only becomes a reasonably good ~t when mean 
and standard deviation are allowed to approximate the eJirical values. 
The filedrawer estimate from this model depends on a num r of assump
tions (e.g., the true distribution is generally normal, but has. a dispropor
tionately large positive tail). It suggests a total number ofl:xperimental 
studies on the order of 800, of which three-fourths have 1 en formally 

~~- i 
A somewhat simpler modeling procedure was appliedi to the data 

assuming that all studies with significant Z scores in either t~e positive or 
negative tail are reported. The model is based on the normal distribution 
with a standard deviation= l, and estimates the mean and h; required to 

1 
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account for the 152 Z scores in the positive tail and 37 Z scores in the 
negative tail. This mean-shift model, which ignores the shape of the 
observed distribution, results in an N = 1,580 and a mean Z score= 0.34. 

These modeling efforts suggest that the number of unreported or 
unretrieved RNG studies falls in the range of 200 to 1,000. A remaining 
question is, how many filedrawer studies with an average null result would 
be required to reduce the effect to nonsignificance (i.e., p < 0.05 )? This 
"failsafe" quantity is 54,()()(}----approximately 90 times the number of studies 
actually reported. Rosenthal suggests that. an effect can be considered 
robust if the failsafe number is more than five times the observed number 
of studies. (21 l 

5. DISCUSSION 

Repeatable experiments are the keystone of experimental science. In 
practice, repeatability depends upon a host of controllable and uncon
trollable ingredients, including factors such as stochastic variation, changes 
in environmental conditions, difficulties in communicating tacit knowledge 
employed by successful experimenters, <44

> and so on. Difficulties in 
achieving systematic replication are therefore ubiquitous, from experimental 
psychology< 21

,
45

> to particle physics. (23
•
24

l Of course, this is not to say that 
systematic replication is impossible in these or other fields, but it II:IilY 
appear to be extraordinarily difficult when experiments are considered 
individually rather than cumulatively. In the case of the present database, 
the authors of a recent report issued by the US National Research Council 
stated that the overall results of the RNG experiments could not be 
explained by chance, (46

> but they questioned the quality and replicability of 
the research. This meta-analysis shows that effects are not a function of 
experimental quality, and that the replication rate is as good as that found 
in exemplary experiments in psychology and physics. 

Besides the issue of replicability, five other objections are often raised 
about the present experiments. These are (a) the effect is inconsistent with 
prevailing scientific models, (b) the experimental methodology is techni
cally nai:ve, thus the results are not trustworthy, ( c) the experiments are 
vulnerable to fraud by subjects or by experimenters, ( d) skeptics cannot 
obtain positive results, and (e) there are no adequate theoretical explana
tions or predictions for the anomalous effect. 

These criticisms may be addressed as follows: (a) "Inconsistency with 
the scientific world-view" is essentially a philosophical argument that 
carries little weight in the face of repeatable experimental evidence, as 
suggested by the present and two corroborating meta-analyses.t 11

•
18

, 
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Indeed, if the "inconsistency" argument were sufficien~ to discount 
anomalous findings, we would have ignored· much of (he motivation 
leading to the development of quantum mechanics. (b) The '\na'ive method
ology" argument was empirically addressed by the rssessment of 
methodological quality in the present analysis. No significapt relationship 
between quality and effect size was found. (c) Fraud posJulated as the 
explanation of the results is untenable as it would pave required 
widespread collusion among 68 independent investigators.I In any case, 
even severe critics of parapsychological experiments have di~counted fraud 
as a viable explanation.c32

J (d) Skeptics often assert that o~ly "believers" 
obtain positive resul_ts in such experime~ts. !"f owever, a thor9ugh ~iterature 
search finds not a smgle attempted rephcatlon of the RNG txpenment by 
a publicly proclaimed skeptic; thus the assertion is not base! on verifiable 
evidence. Furthermore, skeptics who claim to have attempt d replications 
insist (without providing details or references) that the have never 
achieved positive results in any of their RNG experimentf 1

5
·
471 Such a 

claim is itself quite remarkable, as the likelihood of nev~ obtaining a 
statistically significant result by chance in series of experi ents can be 
extremely low, depending on the number of experiments con ucted: Unfor
tunately, because we cannot determine how many experi · ents skeptics 
h~v_e. actually conducted, it is impossible to judge the vJlidity of this 
cnt1c1sm. \ 

Finally, ( e) the "no theoretical basis" argument is corre4t, but it does 
not support a negative conclusion about experimental obserration. There 
are at present no adequate theories, with the possible exce~tion of some 
interpretations of quantum mechanics, '2;J.S.1J > that convincin ly explain or 
predict consciousness-related anomalies in random physical systems. We 
note, however, that the anomalous effects reviewed in this papjer apparently 
can be operationally predicted under well-specified conditio~!s. For exam
ple, when individuals are instructed to "aim" for high {or low) numbers in 
RNG experiments, it is possible to predict with some sm II degree of 
confidence that anomalous positive ( or negative) shifts o distribution 
means will be observed. I 

! 

6. CONCLUSION 
I 

In this paper, we have summarized results of all known\ experiments 
testing possible interactions between consciousness and tile statistical 
behavior of random-number generators. The overall effect siztj obtained in 
experimental conditions cannot be adequately explained by mdthodological 
flaws or selective reporting practices. Therefore, after consider,ng all of the 

I 

I 
I 
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retrievable evidence, published and unpublished, tempered by all legitimate 
criticisms raised to date, it is difficult to avoid the conclusion that under 
certain circumstances, consciousness interacts with random physical 
systems. Whether this effect will ultimately be established as an overlooked 
methodological artifact, as a novel bioelectrical perturbation of sensitive 
electronic devices, or as an empirical contribution to the philosophy of 
mind, remains to be seen. 

ACKNOWLEDGMENTS 

This study was supported by major grants from the James S. 
McDonnell Foundation, Inc. and the John E. Fetzer Foundation, Inc. The 
authors express their gratitude to Dr. York Dobyns of the Princeton 
University Engineering Anomalies Laboratory for his assistance with the 
filedrawer models. 

REFERENCES 

1. R. G. Jahn and B. J. Dunne. Margins of Reality (Harcourt Brace Jovanovich, Orlando. 
Florida, 1987 ). 

2. B. d'Espagnat, "The quantum theory and reality," Sci. Am., pp. 158-181 (November, 
1979). 

3. 0. Costa de Beauregard, "S-matrix, Feynman z.igzag and Einstein correlation," Phys. Lett. 
67A, 171-173 (1978). 

4. N. D. Mermin, "ls the moon there when nobody looks? Reality and tli~ quantum theory.-
Phys. Today, pp. 38-47 (April, 1985). 

5. A. Shimony, "Role of the observer in quantum theory," Am. J. Phys. 31, 755 (1963). 
6. E. P. Wigner, "The problem of measurement," Am. J. Phys. 31, 6 (1963). 
7. U. Ziemelis, "Quantum-mechanical reality, consciousness and creativity," Can. Res. 19, 

62-68 (September, 1986). 
8. E. J. Squires, "Many views of one world-an interpretation of quantum theory," Eur. J. 

Phys. 8, 173 ( 1987 ). 
9. J. Hall, C. Kim, B. McElroy, and A. Shimony; "Wave-packet reduction as a medium of 

communication," Found. Phys. 7, 759-767 (1977 ); p. 761. 
10. R. Smith, unpublished manuscript, MIT, 1968. (Cited in Ref. 9, p. 767.) 
11. R. G. Jahn and B. J. Dunne, "On the quantum mechanics of consciousness, with applica

tion to anomalous phenomena," Found. Phys. 16, 721-772 (1986). 
12. J. E. Alcock, Parapsychology: Science or Magic? (Pergamon Press, Elmsford, New York, 

1981 ), pp. 124--125. 
13. M. Gardner, Science: Good, Bad, and Bogus (Prometheus Books, Buffalo, New York. 

1981). 
14. R. Hyman, "Parapsychological research: A tutorial review and critical appraisal," Proc. 

IEEE 74, 823-849 (1986). 
15. P. Kurtz, "ls parapsychology a science'!" In Paranormal Borderlands of Science, 

K. Frazier, ed. (Prometheus Books, Buffalo, New York, 1981). 

Approved For Release 2003/04/18: CIA-RDP96-00789R003100030001-4 



Approved For Release 2003/04/18 : CIA-RDP96-00789R003 00030001-4 

Consciousness in Physical Systems ' 
1513 

i 
16. D. F. Marks, "Investigating the paranormal," Nature (London) 320, \119-124 (1986). 
17. C. Honorton, "Replicability, experimenter influence, and parapsychtilogy: An empirical 

context for the study of mind," paper presented at the annual mej:ting of the AAAS, 
Washington, D.C., 1978. J 

18. E. C. May, B. S. Humphrey, and G. S. Hubbard, "Electronic ~ystem perturbation 
techniques." SRI International Final Report, September 30, 1980. [ 

19. H. Schmidt, "Precognition of a quantum process," J. Parapsychol. 33( 99-108 (1969); "A 
PK test with electronic equipmentt J. Parapsychol. 34, 175-181 (1970{

1
); "Mental influence 

on random events," New Sci. Sci. J. 50, 757-758 (1971); "PK tests wi h pre-recorded and 
pre-inspected seed numbers," J. Parapsychol. 45, 87-98 (1981 ). 

20. R. G. Jahn, "The persistent paradox of psychic phenomena: An engin1eering perspective," 
Proc. IEEE 70, 136-170 (1982); R. D. Nelson, B. J. Dunne, and R.t Jahn, "An REG 
experiment with large data-base capability, III: Operator-related an malies," Technical 
Note PEAR 84003, Princeton Engineering Anomalies Research La ratory, Princeton 
University, School of Engineering/Appli,ed Science, September 11984; H. Schmidt, 
R. Morris, and L. Rudolph, "Channeling evidence for a PK eft+1 t to independent 
observers," J. Parapsychol. 50, 1-16 (1986). 

21. R. Rosenthal, Mew-Analytic Procedures for Social Research (Sage P blications, Beverly 
Hills, California, 1984 ); K. Wachter, "Disturbed by meta-analffi.· ·s?" Science 241, 
1407-1408 (1988). We may note that Cohen's h, the difference be ween control and 
experimental proportions, is a common effect size measure that might have been used in 
the present study. This was rejected in favor of e, as defined, because me of the reviewed 
studies reported only final p values or only overall Z scores; e was us deemed more 
useful in the present meta-analysis. \ 

22. R. L. Bangert-Drowns, "Review of developments in meta-analytic met~od," Psycho/. Bull. 
99, 388-399 (1986). [ 

23. A. H. Rosenfeld, "The particle data group: Growth and operations." A*1zu. Rev. Nucl. Sci. 
25, 555-599 (1975 ). i 

24. C. G. Wohl et al., Rev. Mod. Phys. 56, Part II, p. S5 (1984). i 
25. G. V. Glass, "In derense of generalization," Behav. Brain Sci. 3, 394-3~5 (1978). 
26. H. M. Cooper, "Scientific guidelines for conducting integrative review~," Rev. Educ. Res. 

52, 291-302 (1982). i 
27. R. M. Dawes, "You can't systematize human judgment: Dyslexia." In }/ew Directions for 

Methodology of Social and Behavioral Science: Fallible Judgment in sJnavorial Research, 
R. A. Shweder, ed. (Jessey-Bass, San Francisco, 1980), pp. 67-78. I 

28. S. D. Gottfredson, "Evaluating psychological research reports: Dime~sions, reliability, 
and correlates of quality judgments," Am. Psycho/. 33, 920-934 (1978).J 

29. C. Akers, "Methodological criticisms of parapsychology." In Advances v· Parapsychologi
cal Research, Vol. 4, S. Krippner, ed. (McFarland, Jefferson, North Car Jina, 1984); "Can 
meta-analysis resolve the ESP controversy?" In A Skeptic's Handbook Parapsychology, 
P. Kurtz, ed. (Prometheus Books, Buffalo, New York, 1985). J 

30. J. E. Alcock, "Parapsychology: Science of the anomalous or search for] the soul," Behav. 
Brain Sci. 10, 553-565 ( 1987). 

1 

31. P. Diaconis, "Statistical problems in ESP research," Science 201, 131-lr6 (1978). 
32. C. E. M. Hansel, ESP and Parapsychology: A Critical Reevaluation (P~ometheus Books, 

Buffalo, New York, 1980). \ 
33. R. Hyman, "The ganzfeld psi experiment: A critical appraisal," J. Parqpsychol. 49, 3-50 

(1985). I 
34. T. X. Barber, Pitfalls in Human Research: Ten Pivotal Points (Pergamotj Press, Elmsford, 

New York, 1976). i 

Approved For Release 2003/04/18 : CIA-RDP96-00789R003 00030001-4 



Approved For Release 2003/04/18: CIA-RDP96-00789R003100030001-4 

1S14 Radin and Nelson 

35. J. B. Rhine, "Comments: 'A new case of experimenter unreliability,'fl J. Parapsycho/. 38, 
215-255 ( 1974 ). 

36. R. M. Dawes, "The robust beauty of improper linear models in decision making," Am. 
Psycho/. 34, 571-582 (1979). 

37. L. V. Hedges, "How hard is hard science, how soft is soft science'?" Am. Psycho!. 42, 
443-455 (1987). 

38. C. E. M. Hansel, ESP: A Scientific Evaluation (Charles Scribner's Sons, New York, 1966). 
p. 234. 

39. R. Rosenthal and D. B. Rubin, "Interpersonal expectancy effects: The first 345 studies: 
Behar. Brain Sci. 3, 377-415 (1978). 

40. G. V. Glass, B. McGaw, and M. L. Smith, Mera-analysis in Social Research (Sage Publi
cations, Beverly Hills, California, 1981 ). 

41. Q. McNemar, "At random: Sense and nonsense," Am. Psycho!. JS, 295--300 (1960). 
42. S. Iyengar and J. B. Greenhouse, "Selection models and the file-drawer problem: 

Technical Report 394, Department of Statistics, Carnegie-Mellon University (July, 1987). 
43. L. V. Hedges, "Estimation of effect size under nonrandom sampling: The effects of 

censoring studies yielding statistically insignificant mean differences," J. Educ. Star. 9, 
61-86 (\ 984 ). 

44. H. H. Collins, Changing Order: Replication and Induction in Scientific Practice (Sage 
Publications, Beverly Hills, California, 1985 ). 

45. S. Epstein, "The stability of behavior, II: Implications for psychological research," Am. 
Psycho!. 35, 790--806 (1980). 

46. D. Druckman and J. A. Swets, eds. Enhancing Human Performance: Issues, Theories, and 
Techniques (National Academy Press, Washington, D.C., 1988), p. 207. 

47. A. Neher, The Psychology of Transcendence (Prentice-Hall, Englewood Cliffs, New Jersey, 
1980). p. 147. 

Approved For Release 2003/04/18: CIA-RDP96-00789R003100030001-4 



Approved For Release 2003/04/18 : CIA-RDP96-00789R0031 oo 
Rq,rinted from lltt Proceedings cf the Parapsychological Association 33rd Annual Conva,lton, 030001-4 
Otevy Chase, MD, August 16-20, 1990. 

Extroversion and ESP Pedormance: 
A Meta-Analysis and a New Confirmation 

Charles Honorton and Diane C. Ferrari 
Psychophysical Research Laboratories 

and 

Daryl}. Bern 
Cornell University 

ABSTRACT-- We report a meta-analysis of research on the relationship between performance in extrasensory perception 
(ESP) tasks and the psychological trait extraversion. The meta-analysis comprises 60 independent studies, 17 independent 
investigators, and 2,963 subjects. The overall weighted mean correlation is small (r = .09), significant (z = 4.63, p = .000004), 
and nonhomogeneous. For forced-choice ESP studies (N = 45), the ESP/ extraversion relationship appears to be an artifact of 
subjects'knowledge of their ESP performance upon their responses to the extra version measure: evidence for the relationship 
is limited to studies where subjects completed the ESP task prior to extraversion assessment (N = 18 studies, r = .17, z = 3.51); 
no evidence for an ESP/ extra version relationship exists in studies where extra version was assessed before the ESP task (N = 16 

studies, r = -.02, z = -0.78). The two correlations differ significantly (z = 3.58, p = .00045). For free-response studies, a 
significant ESP/ extraversion relationship exists that is free of this problem: extraversion testing preceded the ESP task in 11 

of the 14 free-response studies (r = .21, z = 4.57, p = .000005). The ESP /extraversion relationship is both significant (r = .20, 
z = 4.46, p "'.0000083) and homogeneous in the subset of free-response studies involving individual testing (N = 12 studies). 
The effect is homogeneous across investigators and extraversion scales. We also report a new confirmation of the ESP/ ex
tra version relationship using the Extraversion/ Introversion Scale of the Myers-Briggs Type Indicator. The effect size (r = .18, 
t = 2.67, 219 df, p = .008) is very close to the meta-analytic estimate for free-response studies (r = .20) and is homogeneous 
across the eight experimenters. While the relationship between extraversion and ESP in the forced-choice studies is probably 
artifactual, we conclude that there is a significant ESP /extraversion relationship in the free-response studies, that the 
relationship is consistent across investigators and scales, and that meta-analysis of parapsychological research domains has 
predictive validity. 

THE RELATIONSHlP BETWEEN ESP perform
ance and individual differences in psychological 
traits has been explored in many studies since the 
1940s. Extraversion is one of the most frequently 
studied trait variables and three narrative reviews of 
the ESP/ extra version literature have concluded that 
ESP performance is positively related to extraversion 
(Eysenck, 1967; Palmer, 1977; Sargent, 1981). We pre
sent a meta-analysis of the extraversion/ESP litera
ture. The purpose of the meta-analysis is to (1) update 
earlier narrative reviews of the ESP./extraversion re
lationship, (2) estimate the magnitude of the relation
ship, (3) assess potential threats to validity, and (4) 
identify procedural and other variables that moder
ate the relationship. We will then present a new 
confirmation of the ESP /extraversion relationship 

and compare its magnitude to that~stimatedfrom the 
meta-analysis. 

The Meta-Analysis 

Previous parapsychological meta-analyses have 
focused on evidence for psi .functioning in such re
search domains as ganzfeld communication (Honor
ton, 1985), precognition (Honorton & Ferrari, 1989), 
and studies of the impact of conscious intention on 
random number generators (Radin & Nelson, 1989). 
In such cases the effect size index is based on the 
proportion of hits and the unit of analysis is the trial. 
In the present case, we are interested in the relation
ship between psi performance and a predictor vari
able, extraversion, rather than overall psi perform-

This work was supported by SRI International and by the John E. Fetzer Foundation. We wish to express our appreciation 
to Edwin C. May of SRI International, who recognized the importance of this work and helped make it possible. We are also 

grateful to Robert L. Morris, John Palmer and K. Ramakrishna Rao for providing additional information concerning several 
of the studies used in tl,ie meta-analysis, and to H. Kanthamani fo'r valuable comments during the initial phase of this study. 
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ance. The effect size index is the correlation coeffi-
cient between the two variables and the subject is the 
unit of analysis. 

Method 

Retrieval of Studies 

We attempted to retrieve all English-language 
studies of the relationship between extraversion and 
performance in experimental ESP tasks. The source 
of studies includes the bibliographies of three narra
tive reviews (Eysenck, 1967; Palmer, 1977; Sargent, 
1981) and inspection of the principal English-lan
guage outlets for publication of parapsychologica1 
reS€arch, including the Journal of Parapsychology, Jour
nal of the American Society for Psychical Research, Journal 
of the Society for Psychical Research, and Research in 
Parapsychology. In addition, we conducted a com
puter search of Psychological Abstracts using the key
words "extraversion," "extroversion," "introver
sion," "intraversion," "sociability," and "outgoing." 

Investigator Definition 

For the purpose of the meta-analysis, we defined 
independent investigators as investigators who have 
not worked with other investigators in the data base. 
In cases of multiple authorship, studies are identified 
by the senior author of the earliest publication in the 
data base. For example, studies by Kanthamani 
(1966), Kanthamani and Rao (1972) and Krishna and 
Rao (1981) are all indentified as Kanthamani studies. 
While Kanthamani and Krishna did not work to
gether, they share Rao as a coauthor and are therefore 
considered to represent a single investigator set. 
Similarly, studies by Humphrey (1945, 1951) and by 
Nicol and Humphrey (1953, 1955) are all indentified 
as Humphrey studies. Laboratory affiliation was not 
used to identify independent investigators since sev
eral investigators worked in different laboratories 
and several generations of investigators worked in 
one laboratory. 

Procedural Features 

Besides bibliographical data identifying the inves
tigator, publication source and date, we coded vari
ous procedural, sampling, and statistical features for 
each study. The procedural features include the type 
of ESP task (forced-choice or free-response), test set
ting (individual or group testing), ESP mode (telepa
thy, clairvoyance, precognition, mixed), and amount 
of feedback in the ESP task. Procedmal features rele-

i 

vant to asses.sing rdsearch quality are described in the 
following section. ~ampling and statistical features 
coded include th, 1 number of subjects, the subject 
population used, e instrument used for measuring 
extraversion, and he inferential statistics reported 
for testing the rela tipnship between ESP performance 
and extraversion. \ 

i 

Criteria for Assering Research Quality 

Methodological tariables were coded in terms of 
procedural descrip1ons (or their absence) in the re
search reports. Thisrpproach was used in an earlier 
meta-analysis of th· ESP ganzfeld domain (Honor
ton, 1985), resulting study quality ratings that were 
generally in agreem nt (1'26 = .77, p = 10-6) with inde
pendent "flaw" ratirl.gs by an outside critic (Hyman, 
1985). Two sets of cri~eria were used.. One set assessed 
threats to the validit'f of the ESP measure. The other 
set assessed threats tip the validity of the relationship 
between the ESP an1 extraversion measures. 

The ESP quality f'nalysis includes four criteria. 
One point was giver (or withheld) for each of the 
following: L 

Control against senLry leakage. Credit was given to 
GESP (telepathy) stu;dies if the report specified that 
each of the followin~ criteria were met: sender and 
receiver were loca tecii in separate rooms, the test situ
ation prohibited aud.\tory or other cues from sender 
to receiver, the send~r and receiver were monitored 
by experimenters, at1.d in free-response studies in
volving subject judsrg, duplicate target sets were 
employed. Credit w:r.,given to clairvoyance studies 
if the report specified 

1
that cues from the targets were 

prohibited by means <\if physical distance, screens, or 
opaque packaging. Prfognition studies were consid
ered to be immune to .sensory leakage problems. 

Randomization. Stu~ies received credit if random 
number tables, randofll number generators, or me
chanical shufflers wete used to randomize the tar
gets. Studies using Wonnal methods of randomiza
tion such as hand sh'4fling and dice throwing, or in 
which there was no\ randomization, received no 
credit. Reports failing 1to identify the method of ran
domization received If credit. 

Duplicate recording. ytudies reporting duplicate re
cording of targets and responses received credit. Re
ports that failed to de~be their data recording pro
cedures and those in ~hich data recording was per
formed by a single exp;erimenter, received no credit. 

Duplicate scoring. ~tudies reporting duplicate 
checking of hits receiv1 credit. Reports that failed to 
describe their scoring Brocedures and those in which 
scoring was performed\ by a single experimenter, re-
C!=!ived no credit. \ 

I 
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Figure 1. Stem-and-leaf frequency dlstrlbuHon or cor
relation coefflclents between extraverslon and ESP per
formance (N = 47). 
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We assessed two aspects of methodology that 
could result in a spurious correlation between ESP 
scores and measures of extraversion: advance speci
fication of the criteria used to define extraversion and 
the order in which the ESP task and extraversion 
measure were administered. 

A prion' definition of extraversion. An inflated rela
tionship between ESP and extraversion scores could 
occur if the investigator selected an "optimal" extrav
ersion/introversion breakdown after observing fue 
data, without correcting for multiple analysis. We 
coded studies as to whether the classification of ex
traversion/introversion appeared to be predeter
mined or post hoc. No credit was given for studies 
using nonstandard classifications (e.g., 1 sd, median 
split, etc.) unless the report explicitly stated that the 
method of classification was preplanned. 

Order of administration of extraversion and ESP me.as· 
ures. A spurious correlation between ESP scores and 
extraversion could arise if subjects' responses on the 
extraversion scale were influenced by knowledge of 
their performance in the ESP tas~. There is some 
evidence that subjects' responses to psychological 
tests may be influenced by feedback concerning their 
ESP performance (Palmer & Lieberman, 1975). We 
coded studies as to whether the extraversion scale 
was given before or after the ESP test. This informa
tion was available for 45 of the 60 studies. 

Meta-Analysis of Correlation Coefficients 

We combined correlations across independent 
studies using the procedures described by Hedges 

and Olkin (1985) and Rosenthal (1984). All statistics 
were converted to indices of association; t tests were 
converted to point-biserials and phi coefficients were 
computed from 2 x 2 contingency tables. 1 We esti
mated unreported correlations from the repcrted p 
values (with results reported only as "nonsignificant" 
obtained in 13 cases set equal to .00). The signs of the 
correlations were adjusted if necessary to insure that 
positive correlations reflect positive relationships be
tweenextraversion and ESP performance. The corre
lations were pooled across studies but within ca tego
ries based on methodological features associated 
with the studies. The correlations were transformed 
to their Fisher's z equivalents, weighted by their df, 
and averaged. We determined the two-tailed signifi
cance levels and 95% confidence intervals (Cls; 
Hedges and Olkin, 1985). Finally, we conducted chi
square testsofhomogeneity(Hedgesand Olkin, 1985; 
Rosenthal, 1984) and transformedmeanzs back to the 
r metric. 

The chi-square homogeneity test assesses the con
sistency of study outcomes, providing a quantitative 
index of replicability. A set of studies are exact repli
cates if their effect sizes are identical. They are homo
geneous if the variability of effect sizes can be ex
plained by sampling error. A significant but nonho
mogeneous effect indicates the presence of moderat
ing variables and homogeneity tests are used to iden
tify moder a ting variables by sub di vi ding studies into 
smaller, methodologically similar subgroups 
(Hedges, 1987). 

Results 

We retrieved 60 independent studies contained in 
35 publications by 17 independent investigators. The 
studies were reported over a span of 38 years, be
tween 1945 and 1983. The data base comprises 2,963 
subjects. Forty-five studies involve ESP card-guess
ing tasks or similar forced-choice tasks. Fourteen 
studies employed free-response ESP tasks, and one 
involved a remote physiological influence task 

The unweighted correlations range from --0.44 to 
.91. Figure 1 shows a stem-and-leaf display (Tukey, 
1977) of the correlation coefficients. (The 13 studies 
that were assigned r's of zero because of insufficient 
information are omitted). Unlike other methods of 

1Two studies provided only hial-based tests (CR.:!). Cor
relations were estimated for these studies using a method 
for estimating effect sizes from critical ratios reported by 
MtCarthy & Schechter (1986). Their method provides an 
estimate of Cohen's d which we then converted to the r 
D;letriC. 
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Table 1. Summary of Extroversion-ESP Meta-Analysl! 

! 
! 

Number of Number of Total Mean 95% cbnfidence 
independent independent number of effect size in\terval 

effect sizes investigators subjects (r) Frjm To z p X2
(k-1) 

Overall, all studies 60 17 2963 .09 .o~ .12 4.63 .000004 126.21 * 
I 
I 

Studies with r available 47 14 1853 .14 .101 .19 5.90 <.000001 115.91* 
! 

I 
Forced-choice guessing tasks 45 13 2169 .06 .021 .11 2.86 .0042 92.82* 

I 

.000006 42.99* Individual testing 21 11 920 .15 .091 .22 4.54 
I 

Group testing 24 8 1249 -.00 -.06\ .05 -0.12 .904 37.35 
! 

; 

Free-response imaging tasks" 14 4 612 .20 .12 i .28 4.82 .0000015 23.40* 
I 

Individual testing 12 3 512 .20 .11 \ .29 4.46 .0000083 15.85 

Group testing 2 1 100 .19 \ -.01 \ .37 1.83 .067 7.53* 
\ 

i • 
Notes. r is the weighted average correlation coefficient (Hedges & Olkin, 1985). k re*esents the number of independent 

effect sizes. x2 is the within group homogeneity statistic (Rosenthal, 1984). I 

displaying frequency distributions, the stem-and-leaf 
plot retains the numerical data precisely. (Turned on 
its side, the stem-and-leaf plot is a. histogram.) Each 
number includes a stem and one or more leaves. For 
example, the stem .2 is followed by leaves of 0, 3, 3, 8 
representing r's of .20, .23, .23, and .28. 

The meta-analysis is summarized in Table 1. The 
study grouping is identified in the first column. Col
umns two through four show, respectively, the num
ber of studies, investigators, and subjects. The mean 
weighted effect size (r) is shown in column five and 
columns six and seven show, respectively, the lower 
and upper 95% (CI) for the effect size. The cumula
tive z-score and its associated two-tailed p-value are 
shown in columns eight and nine. The chi-square 
homogeneity statistic is presented in the last column. 

Overall Results 

The results for all 60 studies are shown in the first 
row. The.mean weighted r is 0.09 (z=4.63, 
p = .000004, two-tailed). The 95% CI is an r from .05 
to .12. While significant, the study effect sizes are 
nonhomogeneous (.x2s9 = 126.21, p < .05). The second 
row shows the same analysis, omitting the 13 studies 
that were assigned r's of zero. 

\ . 

! 
; 

l 
Forced-choice stdies 

The ESP /extravefsion correlations for the 45 
forced-choice (FC) shfdies are presented in row three 
of Table 1. These studies were contributed by 13 
independent investigktors and include 2169 subjects. 
The mean weighted r fs .06 (z = 2.86, p = .0042, 95% CI 
from .02 to .11). The ~C correlations are significantly 

nonhomogeneous Cx2t4 = 92.82, p < .05). 

FC studies involvin&f. individual testing. Twenty-one 
of the FC studies inv lved individual testing (Table 
l, row 4). These studi were performed by 11 inde
pendent investigators ,and included 920 subjects. The 
mean weighted r is .lf (z = 4.54, p = .000006, 95% CI 
from JE to 22). The cprrelations are nonhomogene

ous (x2w = 42.99, p < .~5). 

FC studies involving~; oup testing. The remaining 24 
FC studies involved , oup testing. These studies 
were conducted by ei ht independent investigators 
and included 1249 srbjects. They yield a mean 
weighted rof-0.00 (z =j-0.12,-p = .904, 95% CI from -
.06 to .OS). The group \PC studies are homogeneous 
(y:23 = 37.35, p > .05). 'Ilhus, the FC studies involving 
group. testing yielded f formly null correlations be
tween ESP performanc\ and extraversion. 

! 
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Individual versus group testing. Evidence for a rela
tionship between extra version and forced-choice ESP 
performance is limited to FC studies involving indi
vidual testing. The difference between the ESP /ex
traversion correlations for individual and group test
ing is significant (Cohen's q = .14, z = 3.47, p = .OCXl.52, 
two-tailed). 

Free-response Studies 

The results for the 14 free-response (FR) studies are 
shown in row six of Table 1. The FR studies were 
contributed by four independent investigators and 
included 612 subjects. The mean weighted r is .20 (z 
= 4.82, p = .0000015, two-tailed). The 95% CI is an r 
from .12 to .28. The overall FR outcomes, while hif11y 
significant, are significantly nonhomogeneous (x 13 = 
23.40, p <.05). This nonhomogeneity is due to a mod
erating variable, test setting. 

Free-response studies involving individual testing. 
Twelve FR studies employed individual testing (Ta
ble 1, row 7). These studies were contributed by three 
independent investigators and include 512 subjects. 
The results are both significant and homogeneous. 
The mean weighted r is .20 (z = 4.46, p = .0000083, 
95% CI from .11 to .29, x2

11 = 15.85 p > .05). 
Free-response studies involving group testing. Only 

hvo FR studies involved group testing (Table 1, row 
8). Both studies were contributed by the same inves
tigator. The mean weighted r is .19 (z = 1.83, p = J:£,7, 
95% CI from -.01 to .37). The results are significantly 
nonhomogeneous (x\ = 7.53, p < .05). 

Free-response versus Forced-choice 
Studies 

The mean correlation between ESP performance 
and extraversion is significantly larger in studies with 
free-response ESP tests than in those using forced
choice tests (Cohen's q = .14, z = 3.11, p = .0019, two
tailed). 

Quality Analysts of Forced-C!Joice Studies 

Sensory leakage. Thirty-one of the FC studies de
scribe the use of methods that satisfy our criteria for 
adequate control against sensory leakage in the ESP 
task. The ESP/ extra version relationship is not signifi
cant for these studies; the mean weighted r is .04 (z = 
1.47, p = .142, two-tailed). The ESP /extraversion rela
tionship is significant in the 14 FC studies that are 
amenable to sensory leakage (r = .14, z = 3.20, p = 
.0014, two-tailed). The difference between the two 
correlations is significant (Cohen's q = -.10, z = -2.03, 
p = .042, two-tailed)., 

Randomimtion. Thirteen FC studies satisfy our cri
teria for randomization. The mean weighted r for 
these studies is .13 (z = 217, p = .023). Thirty-two FC 
studies failed our randomization criteria; they 
yielded a mean weighted r of .05 (z = 2.13, p = .033, 
two-tailed). The ESP/ extra version correlation is non
significantly l<JWer in these studies than in studies 
using formal randomization methods (Cohen's q = 
.08, z = 1.40, p = .162, two-tailed). 

Duplicate recording. Six FC studies employed dupli
cate recording of targets and responses. The mean 
weighted r for these studies is .31 (z = 3.52, p = .00043, 
two-tailed). The 39 studies without duplicate record
ing yielded a mean weighted r of .05 (z = 2.01, p = 
.0444, two-tailed). The ESP/ extra version relationship 
is significantly stronger in studies with duplicate re
cording (Cohen's q = .27, z = 3.02, p = .0025). 

Duplicate checking. Eighteen FC studies reported 
using methods for duplicate checking of hits. These 
studies are associated with a mean weighted r of .27 
(z = 5.72, p < 10-6, two-tailed). The 27 FC studies that 
did not use methods for duplicate checking yielded a 
nonsignificant rof .01 (z =0.23, p = .59). The difference 
between the two correlations is significant (Cohen's 
q = .27, z = 5.20, p < 10-6, two-tailed). 

A priori de.finiti0rt of extraversion. Thirty-seven FC 
studies satisfied our criteria for a priori definition of 
extraversion. These studies had a mean weighted r of 
.05 (z = 2.20, p = .028). The remaining eight FC studies 
failed our criteria for a priori definition of extraversion 
(r, = .10, z = 2.00, p = .046, two-tailed). The t.vo 
correlations do not differ significantly (Cohen's q = 
-.05, z = 0.92, p = .358, two-tailed). 

Order of administration of extraversion and ESP meas
ures. Evidence for a relationship between forced.
choice ESP performance and extraversion is entirely 
dependent upon the outcomes of studies in which 
extraversion was measured after the ESP test (N = 18 
studies, r = .17, z = 3.51, p = .00045). The correlation 
between FC ESP performance and extraversion in 
studies in which extraversion was measured before 
the ESP task is not significant (N = 16 studies, r = -
.02, z = -0.78, p = .782) and the difference between the 
two correlations is significant (Cohen's q = .19, z = 
3.58, p = .00034, two-tailed). 1hls difference is not 
attributable to methodological features of the two 
groups such as test setting, the extraversion measure, 
or ESP mode. 

Degree of ESP feedback is documented in nine of 
the 18 studies that measured extraversion after the 
ESP task and subjects received feedback of their ESP 
performance in each of these studies(,= 19, z = 4.59, 
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Table 2. Forced-cholce Outcomes by lnvesttgator 

Investigator N studies 

Astrom-? 1 

Casper-A 1 

Green 2 

? 1 
A 1 

Humphrey 6 

? 3 

A 3 

Kanthamani 7 

? 1 
A 3 

B 3 

McElroy-A 1 

Nash 8 

? 2 

A 6 

Nielsen 3 

A 2 

B 1 
Sargent 3 

B 2 
M 1 

Shields-? 2 

Shrager-B 2 

Szczygielski -A 1 

Thalbourne - B 8 

Nsubjects 

48 

20 

148 

108 

40 

138 

55 

83 

301 

60 

108 
133 

31 

207 

60 

147 

60 

48 

12 

85 

40 

45 

99 

76 

17 

939 

.24 

.53 

.00 

.00 

.00 

.26 

.27 

.22 

.21 

.00 

.38 

.02 

.00 

.14 

.29 

.08 

-.04 

.00 
-.23 

.17 

-.02 
.31 

.30 

.18 

-.36 

-.04 

z 

1.63 

2.46 

0.00 

0.00 
0.00 

2.86 

1.84 
1.95 

3.59 

0.00 

4.03 

0.25 

. I o.oo 

. I 1.92 

I 2.22 
I 0.86 

1-0.29 
I 

I o.oo 
I -0.69 

\ 1.46 

1-0.12 

I 2.07 

j 2.98 

: 1.48 

\-1.42 

\-1.28 

p 

.103 

.014 

.500 

.500 

.500 

.0042 

.0658 

.051 

.00033 

.500 

.000056 

.400 

.500 

.054 

.026 

.390 

.771 

.500 

.755 

.144 

.548 

.038 

.0029 

.139 

.922 

.90 

O,erall Forced-choice z by investigators = 3.49, p = .00048, two-tailed, \x2 
12 

= 41.20, p~.05 

Extraversion measured before ESP test (5 investigators): z by investigators= -0.71, p =i.761, two-tailed, x2 
4 

= 3.97, p>.05 
I 

Extraversion measured after ESP test (8 investigators): z by investigators= 3.51, p = .00045, two-tailed, X2 
7 = 17.29, p <.05 

Notes. r is the weighted average correlation coefficient (Hedges & Olkin, 1985). The letters and A following the investigator's 
name indicate whether the extraversion/introversion measure was administed before ) or after (A) the ESP task. Studies 
where this information is not available are indicated by a question mark(?). Testing ordef was mixed (M) in one study. x2 is 
the within group homogeneity statistic (Rosenthal, 1984). l 

p = .0000045, two-tailed). Seven of the nine studies 
where feedback is undocumented were group stud
ies which usually involve delayed feedback or no 
feedback at all. These studies yield a nonsignificant 
correlation between performance and extraversion 
(r = .05, z = 0.64, p = .522, two-tailed) which is signifi
cantly lower than that for the studies known to in
volve feedback (Cohen's q = .25, z = 2.54, p = .011, 
two-tailed). The relationship between forced-choice 
ESP performance and extra version thus appears to be 
artifactual. \ -

I 

\ 

Patterns over time. he forced-choice studies were 
reported between 194} and 1982. There is a significant 
decline in the magnitude of the ESP /extraversion 
relationship over thi~eriod (r = -.40, t = -2.89, 43 df, 
p = .006, two-tailed). oreover, methodological qual
ity, as assessed in te I s of threats to the validity of 
the ESP measure, has pot improved over the survey 
period (r = .01, t = o.q3, p = .976, two-tailed). These 
results are conlnry t9 the patterns found in meta
a;1<1lyses of three oth1r para psychological domains, 
which exhibit constapt effect sizes and significant 

! 
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methodological improvement over time (Honorton, 
1985; Honorton & Ferrari, 1989; Radin & Nelson, 
1989). There has been substantial improvement with 
regard to threats to the validity of the ESP/ extra ver
sion relationship; more recently reported studies 
have generally involvedadministrationof the extrav
ersion measure before the ESP task (r = .78, t = 7.02, 
32 df, p<lo-6). These findings are consistent with the 
conclusion that the FC ESP/ extraversion relationship 
is artifactual. 

FC Outcomes by Investigator 

The FC study outcomes by investigator are shown 
in Table 2. The order of ESP and extra version testing 
is indicated following the investigator's name for 
investigators with single studies or multiple studies 
involving uniform testing order. Separate break
downs are given for investigators with studies in
volving different testing orders. Significant outcomes 
were obtained by four of the 13 FC investigators 
(31 %); using the investigator as the unit of analysis, 
the overall results are significant (z = 3.49, p =.00048, 
two-tailed) but nonhomogeneous (x.212 = 41.20, 
p < .05). The effect of testing order accounts for the 
overall significance and nonhomogeneity. The five 
investigators who measured extraversion before the 
ESP task have outcomes that are nonsignificant and 
homogeneous (z = -0.71, p = .761, two-tailed, x\ = 
3.97, p > .05), while the outcomes of the eight investi
gators who measured extra version after the ESP task 
are significant and nonhomogeneous (z = 3.51, p = 
.00045, two-tailed, x27 = 17.29, p < .05). Thus, the 
impact of ESP/ extra version testing order is consis
tent across investigators and is not attributable to 
idiosyncratic research styles or other characteristics 
of a single prolific investigator. 

Quality Analysis of Free-response Studies 

Sensory leakage. All 14 FR studies satisfied our 
criteria for adequacy of control against sensory leak
age. 

Randomization. Nine FR studies satisfied our crite
ria for randomization (r = .38, z = 4.74, p = .0000022, 
two-tailed). Five FR°studies employed informal ran
domization procedures or failed to document their 
method of randomization (r = .14, z::: 2.86, p = .0042, 
two-tailed). The difference between the two correla
tionsissignificant(Cohen'sq = .26, z = 2.86, p = .0042, 
two-tailed). 

\_ 

Dl,plicate recording. Thirteen of the 14 FR studies 
employed duplicate recording methods (r = .29, 
z = 4.62, p = .OClCXXl39, two-tailed). 

Duplicate checking. All 14 FR studies employed du
plicate checking methods. 

A priori definition of extraversion. Eleven FR studies 
satisfied our criteria for a priori definition of extra ver
sion (r = .16, z = 3.72, p = .0002, two-tailed). Three 
studies failed to document their basis of classification 
(r = .48, z = 4.01, p = .000061, two-tailed). The two cor
relations differ significantly (Cohen's q = .36, z = 2.77, 
p = 0.0056, two-tailed). 

Order of administration of extraversion and ESP meas
ures. The extraversion scale was administered before 
the ESP task in 11 of the FR studies (r = .21, z = 4.57, 
p = .000005, two-tailed). The remaining three FR 
studies failed to report the order in which the ESP and 
extraversion measures were given (r = .15, z = 1.64, 
p = .101, two-tailed). The difference between the two 
correlations is not significant (Cohen's q = .06, z 
= 0.62, p = .532). Thus, for the free-response studies, 
the evidence for a relationship between ESP perform
ance and extraversion is not susceptible to explana
tion in terms of an order artifact. 

Patterns over time. The free-response studies were 
reported between 1960 and 1982. Unlike the forced
choice studies, the magnitude of the ESP/ extra ver
sion relationship has increased over time, though not 
significantly so (r = .19, f.':" 0.66, 12 df, p = .524, two
tailed). The methodological quality of the free-re
sponse studies has also improved over time (r = .36, 
t = 1.35, 12 df, p = .202, two-tailed): 

Confirmation of Differences in Research 
Quality In relation to Test Setting 

Honorton & Ferrari (1989), in a meta-analysis of 
forced-choice precognition experiments, found that 
studies involving individual testing were of signifi
cantly higher methodological quality than studies 
involving group testing (t = 3.08, 137 df, p = .003, two
tailed). We have confirmed this finding in the 
ESP/ extra version meta-analysis (f = 2.27, 39 df, 
p = .015, one-tailed). This analysis excludes the 12 
precognition studies which overlap with the earlier 
meta-analysis. 

Since we have determined that there is no ESP/ ex
tra version relationship in the forced-choice studies 
when the effects of task order are considered, the 
remaining analyses are restricted to the free-response 
studies. 

Approved For Release 2003/04/18 : CIA-RDP96-00789R003100030001-4 



';'I. 

! 

8 EXTRA VERSION & ESP: A META-ANALYSIS & NEW coNktRMATION 

Approved For Release 2003/04/18 : CIA-RDP96-00789R003~ 00030001-4 

Table 3. Free-response Outcomes by Investigator 

Investigator N studies N subjects z p 

Bellis & Morris 

Braud 

1 
2 
1 

23 .47 I, 
100 .19 

2.26 .024 
1.86 .063 

Marsh 311 .13 1 2.30 .021 
Sargent 10 178 .31 \ 3.85 .00012 

z by investigators= 5.11, p = 3 x 10-7, two-tailed \ 
I 

2 I, 

X 3 = 2.51, p > .05 ! 
! 

Notes. r is the weighted. average correlation coefficient (Hedges & Olkin, 1985). x2 is th\e within group homogeneity statistic 
(Rosenthal, 1984). · - 1 

Consistency across Investigators 

Table 3 shows the overall FR results by investiga
tor. Three of the four investigators have significant 
ESP/extraversion correlations and the results of the 
fourth investigator (Braud) approach significance. 
The z by investigator is 5.11, a result that should arise 
by chance less than one timein3.3 million. The results 
are homogeneous across investigators <.x23 = 2.51, p 
> .05). Although 10 of the 14 FR studies were contrib
uted by one investigator (Sargent), evidence for the 
relationship between free-response ESP performance 
and extraversion is not dependent upon that investi
gator. When Sargent's work is eliminated, the results. 
of the three remaining investigators still strong! y sup
ports a relationship between ESP performance and 
extra version (z = 3.35, p = 0.0008, two-tailed). There
fore, we conclude that the ESP /extra version relation
ship is consistent across investigators. 

Exfraversion Measures 

Each FR investigator used a different scale for 
measuring extraversion. Marsh used the Bernreuter 
Personality Inventory (Super, 1942); Sargent and his 
group used the Cattell 16PF (Cattell,Eber & Tatsuoka, 
1970); Braud and Bellis & Morris used scales con
structed by the investigators (with no psychometric 
validation provided). It is impossible to isolate the 
effects of the instruments for measuring extra version 
from the ensemble of procedures and research styles 
associated with the investigators. All that can be said 
is that a relationship between extraversion and ESP 
performance is evident in studies using four different 
measures of extraversion. 

I 

Selective Reportf ng 

In order to assess \the vulnerability of these studies 
to selective reporthlg, we used Rosenthal's (1984) 
"Fail-safeN" statisti1 to estimate the number of unre
ported studies averrgnull outcomes necessary to 
reduce the known '.:J:~~ base to nonsigificance. The 
Fail-safe N is 140 stu.<lies. In other words, if we were 
to assume that the bbserved outcomes arise from 
selective reporting, it\would be necessary to postulate 
10 unreported studiis averaging nuH outcomes for 
each reported study. [Therefore, we conclude that the 
free-response ESP/ erraversion relationship cannot 
be explain~ on the 9asis of selective reporting. 

! 

Power Analysis 
\ 

The FR mean r of [20 is equivalent to an average 
ESP scoring advanta~e for extraverts over introverts 
of 0.4 standard devi~tions. The FR studies average 
sample size is 44 subj'.r.s and the likelihood of detect
ing a correlation of .2 ,at the five percent significance 
level with this sample\-~ize-the statistical power...;...is 
37 percent (Cohen, 19f7, p. 87). Thus, in a sample of 
14 studies, the expect'~ number of statistically sig
nificant studies is 5.2; te actual number of significant 
studies is seven (exaft binomial probability, with 
p = .37 & q = .63, = j23, one-tailed). Thus, the ob
served rate of signific~t outcomes is consistent with 
a correlation of .2. \ 

Achievement of sta\tistical significance, assuming 
a correlation of .2, i~' essentially a coin toss with 
sample sizes less than subjects; a sample size of 180 
is necessary to achiev 85 percent power. 

i 

In the following sec~\. on, we explore the predictive 
validity of the ESP /e traversion meta-analysis by 
comparing the meta-a lytic es ti.mate to the outcome 
of a new data set. \ 
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Table 4. ESP/Extroversion Correlations by Experimenter In the PRL Novice Serles 

Experimenter NSubjects r z Experimenter EI Score 

Honorton 41 .27 1.71 101 
Quant 69 .29 2.38 103 
Derr 22 .03 0.68 81 
Berger 13 -.37 -1.18 115 
Varvoglis 21 .08 0.32 133 
Schechter 7 -.OS -0.10 125 
Fe1Tari 10 -.20 --0.54 133 
Schlitz 7 .15 0.92 69 

Note. r is th(i weighted average correlation coefficient (Hedges & Olkin, 1985). 

A New Confirmation 

Extraversion data is available for 221 of the 241 
subjects in a series of ESP ganzfeld studies reported 
by Honorton, Berger, Varvoglis, Quant, Derr, Han
sen, Schechter & Ferrari (1990) and conducted at the 
Psychophysical Research Laboratories (PRL) in 
Princeton, N.J. The experimental procedures are de
scribed in detail in the Honorton, et al. (1990) report. 

Subjects 

The subjects were 131 women and 90 men. Their 
average age is 37 years (sd = 11.7). This is a well-edu
cated group; the mean formal education is 15.5 years 
(sd = 2.0) and belief in psi is strong in this population. 
On a seven-point scale where "1" indicates strong 
disbelief and '7" indicates strong belief in psi, the 
mean is 6.20 (sd = 1.03). Personal experiences sugges
tive of psi were reported by 88percentof the subjects; 
eighty percent reported ostensible telepathic experi
ences. Eighty percent have had some training in 
meditation or other techniques involving internal fo
cus of attention. One hundred and sixty-three sub
jects contributed a single ESP ganzfeld session and 58 
contributed multiple sessions. 

Extrave.rsion Measure 

Extraversion was measured using the continuous 
scores of the Extraversion/Introversion (El) Scale in 
Form F of the Myers-Briggs Type Indicator (MBTI; 
Briggs & Myers, 1957). The MBTI was not used in any 
of the meta-analysis studies. The MBTI EI Scale is 
constructed so that scores below 100 indicate extrav
ersion and scores above 100 indicate introversion. 
(For consistency with the meta-analysis, we have 
reversed the signs so that positive correlations reflect 
a positive relationship between ESP performance and 

\ 

extra version.) The mean EI score for the PRL subjects 
is 100.36 (sd = 25.18). 

ESP Measure 

ESP performance was measured using the stand
ardized ratings of the target and decoys (Stanford's 
z-scores; Stanford and Sargent, 1983). Stanford z's 
were averaged for subjects with multiple sessions. 

Results 

Overall results. The correlation between ESP per
formance and extraversion in the PRL series is signifi
cant (r = .18, 219 df, t = 2.67, p = .008, two-tailed, 95% 
CI from .05 to .. 30). This outcome is very close to the 
meta-analytic""estimate for free-response studies 
(r = .20) and the difference between the two correla
tions is nonsignificant (Cohen's q = .02, z = -0.26, 
p = .793, two-tailed). 

Ganzfeld Novices. The results are similar if we re
strict our analysis to the five PRL Novice series with 
inexperienced subjects who each completed a single 
ganzfeld session. MBTI data is available for 190 of the 
205 Novices and the mean weighted r for the five 
series is .17 (z = 2.25, p = .024, two-tailed, 95% Cl from 
.02 to .31). The ESP /extraversion correlations are ho
mogeneous across the five series <:x,2 

4 = 2.88, p > .05). 
Eleven subjects in the first Novice series (Series 101) 
completed the MBTI between six and eighteen 
months after their ESP ganzfeld session and we did 
not maintain records of their identity. However, the 
results are essentially the same when this series is 
eliminated. The mean weighted r for the remaining 
four Novice series is .19 (z = 2.30, p = .021, two-tailed, 
95% Cl from .03 to .34). 

Outcome by experimenter. Eight experimenters con
tributed to the PRL data base (Honorton, et al., 1990). 
Table 4 shows the ESP/ extra version correlation by 
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experimenter for the five Novice series. The mean 
weighted r for the eight experimenters is .16 (z = 2.09, 
p = .037, two-tailed, 95% CI from .01 to .30). The 
results are homogeneous across the eight experi
menters (x,27 = 6.43, p > .05). 

Outcome in relation to EI status of experimenter. It is 
possible that the relationship between ESP perform
ance and extraversion is moderated by personality 
characteristics of the experimenter. The last column 
of Table 4 shows the MBTI EI scores for each experi
menter. Only two experimenters (Derr and Schlitz) 
are extraverts. Two others (Honorton and Quant) are 
borderline introverts. While the above analyses indi
cate that the ESP/extraversion correlation is consis- ,
tent across experimenters, there is a nonsignificant 
tendency for the relationship to be stronger in the 
data of less introverted experimenters (r = .47, 6 df, p 
= .235, two-tailed). 

Combined Estimate of the 
Relationship between 

Free-response ESP Performance 
and Extroversion 

Combining the new confirmation with the meta
analysis, the overall mean weighted r is .19 (z = 5.50, 
p = 3.8 x 10-8, 95% CI from .13 to .26). The "Fail-safe 
N" for the combined estimate is 181 studies, or a ratio 
of· 12 unreported studies averaging null effects for 
each known study. Four of the five investigators have 
overall significant outcomes and the outcomes are 
homogeneous across investigators x24 = 6.03, p 
> .05). 

Discussion 

The Meta-Analysis 

Forced-choice studies. The meta-analysis challenges 
the conclusions from earlier narrative reviews of the 
relationship between extraversion and forced-choice 
ESP performance (Eysenck, 1967; Palmer, 1977; Sar~ 
gent, 1981). The apparent relationship between ex
traversion and ESP performance in these studies ap
pears to be due to the influence of subjects' knowl
edge of their ESP performance on their subsequent 
responses to the extra version measures. Evidence for 
a relationship between ESP and extraversion occurs 
only when extraversion was measured after the ESP 
test; no evidence of an ESP/ extra version relationship 
is found in studies where extraversion was measured 
before the ESP task. 

\ 

; 

Evidence for a ~onzero effect in the fo~ed.-choice 
studies is also limited to the subset of studies involv-

1 

ing ESP testing procedures that were vulnerable to 
potential sensory l~kage. There is reason to believe, 
however, that this p1ay result from a procedural °:1n
found: six the eigh~studies in this subgroup for which 
information on th~_order o_f testing is.available also 
involved extraver~10n testing following ESP feed-
back. i 

The apparent bif sing effect of ESP feedback prob
ably arises from 09e of two possibilities.' Awareness 
of "success" or "f1ilure" may lead subjects to. later 
perceive thernselv~ as more extraverted or intro
verted. Or, the prtjblem may arise from an experi
menter expectanc~rfect (Rosenthal & Rubin, 1978), 
in which subjects r'fpond to the investigator's expec
tations that extrav~rts are more successful in ESP 

tasks than introver~Obviously, further research will 
be necessary to cla the problem. 

The existence of ·s problem, however, necessar
ily arouses conce over the viability of rE!ported 
relationships betw ESP performance and other 
personality factors\ such as neuroticism (Palmer, 
1977). Much of the tesearch in these areas was con
ducted by the same ~vestigators, and it is likely that 
similar methods we e used. We believe that conclu
sions regarding the relationship between ESP per
formance and other personality variables should be 
suspended until the\relevant study domains can be 
examined with resr4ct to this problem. 

Free-response studies. The meta-analysis does sup
port the existence of~ relationship between extra ver
sion and free-respofl$e ESP performance. The free-re
sponse studies are Jot amenable to explanation in 
terms of an order a~act or other identifiable threats 
to validity. The ove 11 correlation of .20 would be 
expected to occur o : y about one time in 674,0CO by 
chance. Three of the four investigators contributing 
to this data base obt¥ned significant ESP/ extra ver
sion relationship~_jd the fourth investigator's re
sults approach si~cance. The correlations are ho
mogeneous across intestigators, and across the larg
est grouping of studi4s in which subjects were tested 
individually. The effect remains highly significant 
even when 71 percen~ of the studies, contributed by 
one investigator, are~iminated from consideration. 
Thus, the relationshi seems to be robust. Estimation 
of the filedrawer prob em (Rosenthal, 1984), indicates 
that it would be neces ry to postulate 10 unreported 
studies averaging n4ll results for every retrieved 
study in order to ac~unt for the observed effect on 
the basis of selective r~porting. 

i 
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The New Confirmation 

The results of the confim,ation, involving a new 
set of investigators and a new scale of extraversion, 
support the meta-analytic findings and increase their 
generalizability. The relationship between free-re
sponse ESP performance and extraversion now spans 
833 subjects and five independent investigator teams. 
The homogeneity of the effect across the eight experi
menters in the confirmatory study further increases 
our confidence that the effect is replicable and is not 
dependent upon unknown characteristics of individ
ual investigators. A nonsignificant trend in the data 
does suggE$t that the ESP /extraversion relationship 
may, to some extent, be moderated by the experi- · 
menter's extravertedness and it may be advisable for 
future investigators to record and report extraver
sion/introversion scores of the experimenters. 

The Predictive Validity of Mela-Analysis 

Meta-analysis is a powerful tool for summarizmg 
existing evidence. It enables more precise estimation 
of the significance and magnitude of behavioral ef
fects than has been possible with traditional narrative 
reviews, and is useful in identifying moderating vari
ables. In the present case, meta-analytic tedmiques 
revealed a serious source of bias that had been over
looked in earlier narrative reviews of the ESP/ extrav
ersion domain. Moreover, the meta-analysis identi
fied a subset of the domain that is not amenable to the 
discovered bias and provided an estimate of the mag
nitude of the relationship between ESP and extraver
sion in that subset. 

Ultimately, the usefulness of meta-analysis will be 
judged by its ability to predict new outcomes and in 
this regard we consider the results of the confirma
tion study to be especially noteworthy. The correla
tion between ESP performance and extraversion in 
the confirmation study is very close to that predicted 
by the meta-analysis. Th.is is the second test of the 
predictive validity of meta-analysis in parapsy
chological problem areas; we have previously re
ported that ESP ganzfeld performance in a new series 
of studies (Honorton, et al., 1990), closely matched the 
outcomes of earlier studies in a meta-analysis 
(Honorton, 1985). Predictability is the hallmark of 
successful science and these findings lead us to be 
optimistic concerning the prospect that parapsychol
ogy may be approaching this more advanced stage of 
development. 

\ 
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Iv1ETA-ANALYTIC PROCEDURES AND THE 
NATURE OF REPLICATION: THE 

GANZFELD DEBATE 

BY ROBERT ROSENTHAL 

ABSTRACT: This paper is a commentary on the valuable debate between Charles 
Honorton (1985) and Ray Hyman (1985) about the evidence for psi in the gan:ifeld 
situation. Th«;ir debate was a creative, constructive, and task-oriented dialogue that 
served admirably to sharpen the issues involved. In my commentary I focus on the 
concept of replication, distinguishing the troublesome older view with a more use
ful alternative. Specific issues related to replication arc discussed including prob
lems of multiple testing, subdividing studies, weighting replications, and problems 
of small effects. The earlier meta-analytic work is summarized, evaluated, and com
pared with a meta-analysis of a different controversial area. Rival hypotheses or 
procedural and statistical types arc discussed, and a tentative inference is offered. 
The conclusion calls for wider use of newer views of the success of replication. 

Science in general and parapsychological inquiry in particular 
haYe been well served by the recent ganzfeld debate between 
Charles I-Ionorton (1985) and Ray Hyman (1985) as organized by 
the Journal's editor, K. Ramakrishna Rao. Two serious and highly 
knowledgeable scholars have invested a. great amount of time, en
ergy, and creative thought to produce a debate that is a model of 
task-oriented, constructive dialogue. It is clear that the participants 
haYe been devoted to clarifying and understanding the scientific is
sues rather than simply to "scoring points." 

As a result of their efforts we have an excellent review of the 
issues LO be considered in evaluating the data generated by the ganz
feld experiments. In addition, through their meta-analytic work, we 
have an enormously valuable quantitative summary of the ganzfeld 
studies. In the end, Hyman and Honorton have not resolved all 
their differences, nor is it likely that they will. Hyman has rnised 
cogent and telling questions. Honorton has answered them in co
gent and telling terms. I am sure that Hyman will have excellent 

The preparation of this paper and the cle\"clopment of some :of the ·procedures 
described within it we,·c supponccl b,· the National Science Founclation. 1'1uch or the 
summary and imerpretation of the meta-analyses will be included i11 a paper com
missioned by the National Academy of Sciences that is in preparation br Monica .J. 
Harris and Robert Rosenthal. 
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~tudy failed lO replicate that of Smith. Such errors are made very 
frt!quently in most areas of psycholog-y and the other behavioral sci
ences. 

)> Pseudo-Successful Replications 
"'O 
"'O o Return now to Table l an<l focus attention on eel! B, the cell of 
~ "successful replication." Suppose that two investigators both rejected 

. ~ the null hypothesis at p < .05 with both results in the same direc
g tion. Suppose fu1·1her, however, rhar in one .study the elTecr size r 
;;o was .90 whereas in the Qther study the effect size r was only .10, 
!. · significantly :m1;1ller rhan the r or .00 (Rosenrhal & R11hi11. I 082;1). 
Z 111 this case our irw.:rpretatiou is more complex. We have iucleecl 

· $ had a successful replication of the rej.ection of the null, but we have 
~ not come even close to a successful replication of the effect size. 
0 
w 
~ "Successful Replication" of Type II faTor -..... oa 

Cell C of Table l represents the situation in which both studies 
0 failed to reject the null hypothesis. Under those conditions inv(:.sti-
~ gators might conclude that there was no relationship betw(:en rhe 
~ variables investigated. Such a conclusion could be very much in cr
-Oror, the more so the lower the power or the two studies was low 
~(Cohen, 1977). If power levels of the two studies (assuming medium 
geffect sizes in_ the population) were very high, say .90 or .95, then 
~wo failures to obtain a significant relationship would provide evi
~ence that the effect investigated was not likely to be a very large 
c;:tffect. If power calculations had been made assu~i:?-_i_Qg_~ veq,_smalL-----o ---·--

---- ----~£feet siz~,-twe---failui es to tejectffie-nu_n_ although not providing 
§trong evidence for the null would at least suggest that the size of 
8he effect in the population was prob;ibly guitc modesl. 
g If sample sizes of the two studies failing to reject the null were 
Shodest so that power to detect all but the largest effects were low, 
-l'ery little could be concluded from two failures to reject ex~ept that 
the effect sizes were unlikely to be enormous. For example, two in
vestigators with N's of 20 ancl ,10, respectively, find results nut sig
nificant at /1 < .05. The effect size$ phi (i.e., r for dichotomous var
iables) were .29 and .20, rcspcc:rively. and liorlt /i'.~ W<'J"<' 

apprnxin1:11dr .:!O. TIie cn111lii11cd /1 or rl1csc two rcs11l1s, however, 

is .035[(z1 + z'2)/,/2 = z], and the mean effect size in the mid-.20's 
is not rrivial (Rosenthal & Rubin. l 9821>). 

~ 
1'.i r, 
i 
! j 
~ / 

!~~ 
' r 
i> ,, 
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TABLE 3 
COMPARISON OF Two SETS or: REl'I.IC:ATIONS 

RqJlication sers ~ 
-------------'--------------:0 

A B 0 
< 
(I) Study I ___________________ a. Study 2 Study I Study 2 

N % [5 

/J (two-tailed) .05 .05 
z (jJ) 1.96 1.96 
r .20 .:,() 

z(r) .20 .55 
Cohen's q (z,, - z,) .:~:, 

-·····----·-

Comj;aring Views of Replication 

D8 27 
.01 .IS 

2.58 1.34 
.2/i .2/i 
.27 .27 

.00 

,, 
0 ., 
$' 
(5" 
SI) 
(/) 
(I) 

"' 0 
0 
w -0 
.i::-. 

The traditional, not very useful, view of replication modeled in ~ 
Table I has two primary characteristics: 

C) I. It focuses on significance level as the relevant sum1i1ary statis
tic of a study. 

2. It ma kc.s its evaluation o{" whet her replication ha.s been suc
ce.ssf"u I in a clichowmou.s f'ashio11. For example, replications are suc
cessful ii" both or neither jJ < .05 (or .0 I, etc.), and they are unsuc
cessl"irl if" one jJ < .05 (or .0 l, etc.) and l he other jJ > .05 (or .0 I, 
etc.). Psychologists' reliance on a dichotomous decision procedure 
accompanied by an untenable discontinuity of credibility in n;sults 
varying in jJ levels has been well documented (Nelson, Rosenthal, & 
Rosnow, 1986; Rosenthal & Gaito, 1963, 1964). 

__ ---+-I~-Re-wer;--mtlrec1sefiit-\'Ie_w_oTi~epT1cat10n -~~~~-e;;--i1as two pri-

mary characteristics: 
l. It focuses on effect size as the more important summary sta

tistic or a .study with only a relatively minor interest in the statistical 

significance level. 
2. It makes its evaluation of whether replication has been suc

cessful in a continuous fashion. For example, two studies are not 
said to be .successful or unsuccessful replicates of each other but, 
ral lier, rile degn.:c of failun.: lo replicate is specilied. 

Table '.) shows two sets of replications. Replication scl A shows 
two r<':rnl1:,; l>orli n:jcr1i11g- the 111111 bur with a dirTere11c:c in effect 
sizes of' .:\0 i11 1111i1s ol',. 01- .:I:, i11 1111i1s ol· hslier's :t 1ra11sl"orlllatio11 
or r (Cohen, 1977; Rosenthal & Rosnow, 1984; Snec!ecor & ·coch
ra11, I \)HO). Thar difTen.:nce, in 1111its of r or Fisher's z is the ~cgrcc 
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multiple questions, 11111ltiplc dcpt·11<k111 variables 1nakt· good scien

tific sense. However, as both Honorton (1985) and Hyman (1985) 
.gbint out, the use of multiple dependent variables may affect the 
1if:curacy ol" the /J levels computed. For example, ii' live dcpc11dclll 
@iriables are used and one of these is found to show an effect at p 
& .05, it would be misleading to say that an effect has been clem
m1strated at /' < .05. That is ht·cn1st: the a<.:t11al /1 or lincli11g 0111• /1 

ignificant at .05 (or any other chosen level) increases as the number 
f. tests made increases. That is not a good reason to decrease th<.: 
j'f.n-iety of dependent variables used, assuming there is a good the
lretical basis for choosing to use each one. 
~ Alternate procedures are available. Bonferroni procedures can 
ge used to acUust for the number or tests made (Rosenthal 8': Rubin, 
~83). To overcome the conservatism of this basic approach and de
~ease Type II errors, it is possible to weight the dependent varia
}les according to their importancc and apply a so-called onlercd 
'.'ncml"l:rroni procedure: (Rosenthal & Rubin, 1981!, 11)85). l'<.:rhaps it 
Q most useful, however, to apply specially clevelopccl proc:cclun:s 
~at integrate all the information rrom all the dependent variables 
~nd obtain only a single overall test of significance and effect size 
"'Qstimate. This can be accomplished very easily so long as we have 
;easonable estimates of the intercorrelations among the dependent 
gariables (Rosenthal & Rubin, 1986). 
....... 
co 
fjubdivirling Studies 
0 

~ An issue discussed in the ganzl"t:ld debate has Lo do with tht: sub
glivision of studies into substudies as a function of different experi
ai1ent.al procedures or individual di!Terc11cc variables such as sex, 
gige, degree of belief in psi effects, and the like (Schmeidler, 1968). 
~s long as all the data are preserved and entered into the meta
~analysis, no harm is done by subdividing. Indeed, subdividing is 

very useful in the search for moderator variables (Rosenthal, 1981). 
Subdividing could have a very biasing effect on the accuracy of 

a cited p value if the overall data are subdivided in various ways, 
significant results arc reported for one or more subst uclies, and the 
rest of the substudies are "thrown away." In the ordinary more 
proper application of meta-analytic procedures, however, subdivid
ing makes little dille1-e11ce_ Consi<le1· a psi experiment with an over
all nonsignificant effect (fJ = .13, two-tailed). Al"ter the study is over, 
it is llOtt'cl that about hair the Slll)jC('(S Wt'IT l"a\'Ol';tlik toward psi and 

half were not and that there had been both female and male sub-

,. 

i 
" "' l; 
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~ 
~ 
~ ,, 
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a 
! 
~ 
~ 
~1 
~ 

~ 
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Females 
Males 

- I" • I ........ f • 7) __ __ J[.,../ GanzJeta ueoare-11..u::,eni,iu, 

TA111.1-: ·I 
SUl3D1VISI0N OF A LARGER EXPERIMENT 

Believing sul~jccts Disbelieving su4jects 

Two-tailed p 

.05 

.32 

z 

2.0 
1.0 

Two-tailed p 

.62 

.G2 

z 

0.5 
-0.5 
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Nolr: For I he st ucly as a whok. /1 was . I :I aud : was l .!i before subdi\'iding. l'ositi\"c 
z's reflect results in the predicted direction; negative z's reflect results in the unpre
dicted direction. 

jects. Suppose that a subgroup of subjects, say female believers, 
show a significant psi effect but the remaining groups do not. No 
harm is done by reporting that fact, though an adjustment is useful 
in reporting the obtained p that takes into account how many 
subgroups were tested. It is essential, however, that the results of 
signilicance tests for the nonsignificant subgroups also be entered 
into the meta-analysis. 

Table 4 illustrates the situation; four substudies have been 
formed, only one of which was significant. When we combine the 
results of the four substudies, however, we find the overall z to be 
[(2.0) + (1.0) + (0.5) + (-0.5)]/Y4 = 1.5, p = .13, two-tailed. Es
sentially, subdividing makes little difference so long as no data are 
discarded. If a particular substudy showed great promise of evi
dencing psi, nothing would prevent the invcstigutor from condu.ct
ing new studies using only the preselected experimental conditions 
or types of subjects. It would also be appropriate to conduct a meta
analysis on all the substudies that could be found that met the 
promising condition. In that case, however, the initial "study of dis
covery'' should be entered with an adjus_tment for the fact that sev
eral tests of significance were computed (Rosenthal & Rubin, 1983, 
1984). 

Flaw Effects and Weighting Replications 

There are few flawless studies in the behavioral sciences. Flaw? 
can increase Type I or Type II errors, and the wise meta-analyst 
would do well to note how well Hyman (1985) and Honori.on (1985) 
have searched for and evaluated flaws. For each flaw, it would be 
desirable to make some estimate of how much difference it made to 
the outcome:. In the prcsc11t debate somc llaws seemed to make a 
difference and others did not. When Haws matter we can adjust for 
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of failure lo replicale. That both studies wc1·e able lo n-:jcct Ilic null 
and at exactly the same p level is simply a function of sample size. 
Replication set B shows rwo studies with different p values, one sig
nificant at < .05, the other not significant. However, the two effect 
size estimates are in excellent agreement. We would say, accorcl
ingly, 1ha1 n:plicatio11 St:1 B shows 1110n: :rncci:ssl",il rcplica1io11 1Iia11 
does replication set A. 

It should be noted that the values of Table 3 were chosen so that 
the combined probability of the two studies of set A would be iden
tical to the combined probability of the two studies of set B; (z1 + 
z2)/"V2 = z of 2.77, p = .0028, one-tailed. 

Tlie Metrics of the Success of Replication 

~ Once we adopL a view or Llw success or rcplicaLio11 as a ru11cLio11 
m of similarity of effect sizes obtained, we can become more precise in 
CD our assessments of the success of replication. Figure l shows the 
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~ "replication plane" generated hy crossing t.he results of the first 
8 study conducted (expressed in units of the effect size r) by the re
c suits of the second study conducted. All perfect replications, those 
~ i1: which t_h~ effect sizes are identical in the two studies, fall on a :.f __ 80 (') 

co diagonal nsmg from the lower left corner ( - 1.00, - 1.00) to the up- ) T/ , I , )> 

co 

(') per right corner ( + 1.00, + 1.00). The results of replication set B ~ -1.00 ,;;o 
5> from Table 3 are shown to fall exactly on the diagonal of successful ~{ CJ 
;;o replication ( + .26, + .26). The results of replication set A are shown IT ~ 
~ to fall somewhat above the line representing perfect replication. Fig- ~ Figure I. The replication plane. -Cf> 
~ ure l shows that although set B reflects a more successful replica- (; ~ 
6 tion than set A, the latter is also located fairly close to the line and ~~ Rosenthal & Rubin, 1982a; Snedecor & Cochran, 1980). When there ~ 
~ is, therefore, a fairly successful replication set as well. I; are more than two effect size r's to be evaluated for their variability ~ 
~ Cohen's q. An alternative to the indexing of the success of repli- ~ (i.e., heterogeneity), the three references above all provide the ap- g 
~ cation by t?e dif~~rence ~etwe~n obtai_ned effec~ -~ize r's is ~-o tra,ns- ~ propriate formul~~~~~:2euting the tes~of the heterog:eneiry oUS-.----~-
o form the rs to hsher's z ~-~efore_ ta~ d1ffereoce. l!..!she+s-~------+-------------- - ·g 
(.) --------- ,_, .-' 

----~--mciricTs-<listr1buted nearly normally and c;111 th us be used i11 setting \; 8 
g c~nfi_den:e i_ntervals and testing hypotheses about r'~, whereas ~'s i ISSUES RELATED TO REPLICATION g 
w d1stnbuLwn 1s skewed, and the more so as the populat1<>J1 value ol r ;( ~ 

g moves further from zero. Cohen's q is especially useful for testing ~ .J:,. 
~ the significance of difference between two obtained effect size r's. t ivlultiple Testing 
.I:,. This is accomplished by means of the fact that I ' 

1 I In ganzfeld studies, in parapsychological research more broadly, f// J N, _ 3 + N
2 

_ 3 and, indeed, in most are._,~ c~F behavi~)ral science, it is common that 
· ~ more than one test of s1gmficance 1s computed to evaluate a re-. .· . . . . . . .. , . . I search hypothesis .. There may, for example, be a set of several de-

1s d1st11buted ,is z, the st,rncl,u d 1101 m.il devute (Rosen th.ti, I 984, d · bl d I S 1 1-i pen cnt vana es use to eva uate outcome. o ong as t 1ere are 
$ 
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these flaws in our weighting of studies. For example, we c;u1 give 
weights of zero to truly terrible studies an<l lowered but nonzero 
),eights to less t.han truly ten-ih!e studies. Such weighting- may lead 
~ less biased conclusions than simple discarding of studies for !laws 
g;-iske, 1978; Rosenthal, 1984; Rosenthal & Rubin, 1985). 
< 
(D 

'i/tPlication Difficulty and Small E[fecls 
0 ii Although I Iy111an ( I \)8!'i) and I lo11orton ( I '.l8:i) disagree 011 1hc 
fegree or confidence warranted by the ga11zldd literature, thc.:y 
SRgrec that the results rcponcd clo not rcflcn an enormous magni
~de of effect. In Cohen's (1977) terminology, the average size of 
~1e ganzfcld effect reported by Hyman- (1985) and Honorton ( 1985) 
i on the small side. That, of course, is not surprising. Controversial 
ai:scarch areas are characterized by small effect sizes. For exam pie, 
~ a recent review of live controversial areas of human performance 
~escarch, I-I arris and Rosenthal ( 1986) estimated the actual effect 
oizes (r) to range only from .00 to .18 with a mcdia11 of" . IO and a 
):95% confidence interval ranging from .(l2 to .19. 
;:b Small effect sizes are just what we should expect from contro
iersial areas. According to fundamental principles of statistical 
~owcr (Cohen, 1977), if" the tnic effect size were s11hs1antial, s111dies 
6vith only modest sample sizes would routinely be able to r~ject the 
~ull. For example, if the population value of r were .60, 90% or 
~eplication attempts would he sig-i1ificant at /J < .05 with sample sizes 
~r 2,1 (Cohen, 1977, p. 9'.Z). However, if the population value of r 
&ere .10, the median of" our five controversial areas (I Iarris & Ro
c)enthal, 1986), only 7% of replication attempts would be significant 
gll /J < .05 with sample sizes of 24. Fo1· the small population value 
~r r (.IO), it would require sample sizes of over 1,000 to achieve a 
2}10% rate of rc:jecting the null at p < .05. 
T' Even though controversial research areas are characterized by 
,ll,,small effects (including zero as a possibility), that does not mean that 

the effects arc of no practical importance. Indeed, the median small 
cff ect of five areas cited above (r = .10) is eciuivalent to improving 
our success rate from 45% to a success rate or 55% (Rosenthal &_ 
Rubin, 1982h). 

Before leaving Lhc topic ul' rcplicatio11 difliculty, it 111ay help 11s 

to place this problem in useful perspective by noting that it is not 
011ly ill the parnpsydwlogical or other hel1aviornl sciences ll1al n·p

lication difficulties emerge. Indeed, students of the physical sciences 
have pointed out failures to replicate the construction of TEA-lasers 
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despite the availability of detailed instructions for replication. Ap
parently TEA-lasers could be replicated dependably only when the 
rcplicat ion inst ructions were accorripaniecl by a scientist who had ac
tualiy built a laser (Collins, l 9S5). 

SUMMARIZING THE META-ANALYSES 

11 y111;111 ( I !l8S) and I lo11or1on ( 198[)) have done important meta
analytic work on the topic or the ganzldd experiments; it is this 
work I summarize here. 

Five indices ol' "psi'' success ha\'e been used in ganzldd research 
(Honorton, 1985). One criticism of research in this area is that some 
investigators used several such indices in their studies and failed to 

adjust their reported levels of significance (P) for the fact that they 
had made m ultiplc tests (Hyman, 1985 ). Because most studies used 
a particular one of these five methods, the method of direct hits, 
Honol"lon focused his meta-analysis on just those 28 studies -(of a 
Lota! of 42) for which direct hit data were available. · 

The method of direct hits scores a success only when the single 
correct target is chosen out of a set oft total targets. Thus, the prob:
ability or success on a single trial is 1/t with t usually = 4 but some- •· 
times 5 or 6. The other methods, using some form or partial credit, 
appear to be more precise in that they use more of the information 
available. Although they differ in their interpretation of the results, 
Ho11orto11 ( 1985) and H yrna11 ( 1985) agree quite well on the basic 
quamitative results ol' the meta-analysis ol" these.: 28 studies. This 
agreement holds both for the estimation of statistical significance 
(Honorton, 1985, p. 58) and of effect size (Hyman, 1985, p. 13): 

Stem-and-Leaf Display 

Table 5 shows a stem-and-leaf display of the 28 effect size esti
mates based on the direct hits studies summarized by Honorton 
( 1985, p. 84). The effect size estimates shown in Table 5 are in units 
of Cohen's h, which is the difference between (a) the arcsine trans
formed proportion of direct hits obtained and (b) the arcsine trans
formed proportion of direct hits expected under the null hypothesis 
(i.e., 1/t). The advantage of hover j, the difference between raw pro
p01·1 iom, is that all It values that arc identical are identically cl~tect
able whereas all j values that are identical (e.g., .u5 - .45 and 
.25- .05) are not equally detectable (Cohen, 1977, p. 181). 
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TABLE 5 
STEM-AND-LEAF PLOT OF "DIRECT Hrr" GANZFELD STUDIES: Cor-rr-:N's h 

S1<'111 

1.4 
1.3 
1.2 
I. I 
1.0 
.9 
. 8 
.7 
.6 
.5 
.4 
.3 
.2 
.I 
.0 

-.0 
-.] 

-.2 
-.3 
-.4 
-.:> 
-.6 
-.7 
-.8 
-.9 

l.('ar 

4 
3 

3 

8 
0 2 2 2 4 
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3 8 8 
7 7 9 
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kurtosis index g~ = 2.04, p = .02. Relative to what we would expe~t 
from a normal distrih11tion, Wl' have studies that show larger pos1-
1iv<' and larger negative ell('CI si,.cs 1ha11 wot'.lcl _h_e rcason:'.hle. In
deed, the two largest positive effect sizes are significant ~utl~~rs at P 
< .05, and the largest negative clTect size approaches s1gmficance, 
with a Dixon index of .37 compared to one of .40 for the largest 
positive effect size (Snedecor & Cochran, 1980, PP: 279-280, 490). 
The total sample of studies is still small; however, 1f a much l~rger 
sample showed the same result, that would be a pattern consistent 
with the idea that both strong positive results ("psi") and strong neg
ative results ("psi-missing") might be more likely to find their way 
into print or at least to be more available to ,~ meta-an~ly~t. . 

Distribution of subjects. It is useful to examme the d1stnbut10n of 
effect sizes obtained in the sumnia1·ized studies. It would also be 
useful to examine the distribution of effect sizes obtained by indi
vidual sul~jects within the studies _su1~1m;~rized._ F~1: example;, i1~ a 

. study with a mean h of .20, is the d1stnbuuon of /1. fairly normal :vnh 
~ centering at .20, or is the distribution skewed with the bu!~ of the 
i subjects centered closer to zero but with a few subjects earnmg con-
/~ sistently high values of h? . . 
~ Distribution of investigators. Just as it i~ us~ful to _ex~mme ~he ?1~-
R trilrn1io11 or the l"C'Slllts or s111dics ;n1d ol s11l~JCClS w1th111 st11d1cs_. _1_t IS 

I
,,: also usel'lll 10 cxa111i11c the clistrilJ111io11 or reslllts ol>1ai11cd liy ddkr-

ent investigators (Honorton, 1985; Hyman, 1985; Rosen_thal, 19~9, 
1984). The 28 direct hit studies were conducted by IO different m

~ vestigators (Honorton, 1985, p. GO). Four i_nvestigators conducted µ 11y one study each, two condt1c1ed two st11d1es each, two conducted 
8 ---~---------~------- -~--- ree surcties-eaciT;crne c-onducteo""iivc studies, and one conduct:ea 

··-···----~- Tu key ( 1977) developed the stem-and-leaf plot as a special form '. nme studies. Analysis of variance showed that these IO inve~tig-ators_ 
~f fre~uency distrib~tion to facilitate _the inspection_ of a batch or differed signilicantly and importantly i11 the average 111ag111tudc of 
~ata. Each number m the data batch 1!-i made up ol one stem and the effects they obtained with F(9, 18) = 3.81, p < .0 l, eta = .81. 
gne leaf, but each stem may serve several_ leaves. Thus, the stem . l Interestingly, there was little relationship between the mea:1 effect 
~ followed by leaves of 3, 8, 8 representmg the numbers .13, .18, size obtained by each investigator and the number of studies con-
~8. The first digit is the stem; the next digit is the leaf. The stem- ducted (r = .11; t(8) = 0.31, p > . 70). 
and-leaf display functions as any other frequency distribution but That different investigators may obtain significantly different rec· 
the original data are retained precisely. suits from their subiects is well known in various areas of psychology 

Distrib~tion. of st~dies. Fror.n Table 5 we see chat the distribution (Rosenthal, 1966). JFor example, in such a standard expe~imental 
of effect sizes IS ummod~l, wit~ t~e b~lk ?f t~e results (80~) falli:1g area as eyelid conditioning, studies co'.1duct~cl at Iowa obtamed_ re-
between - . IO and .58. fhe d1stnlrn1Jo11 rs 111ccly syrnmctncal, with , suits in the predicted direction ~)tJ % of the tune, whereas those d~n-

the skewness index. (l.(
1 = .. 17) only 2.t1% of t.11.al rcq11i·1-·cd for si.gnif'- . I .. ductt:(.I dscwltt:n: obrai 11cd suclt rcsulrs only (i2'X, of rite 1i111c ,~Hit 

ic~nce at /1 < _.05_ (S11_cdecor & Cochran, I !)80, pp. 78- 79, ,J92). The ··· i( 1) = 4.05, /J < .05, N = 25, r = .40 (Rosenthal, 1966, p. 24; 
tads of the chstnbut1on, however, are too long for normality with . sr,o"r .. ,7- 19r.:,n" 111 •11 1111111 1111 1·111 

''.!!I 'I' 
1

[1
1

11 II _ !! 1, ' 'I 'II 11 ii ., . I -1· - . ru . .;1 · 

~ 
"O 
"O 

0 
< 
(D 
a. 
"Tl 
0 ., 
~ 
CD 
II) 
t/1 
(D 

r-J 
0 
0 
(.) -0 
~ ..... 
co 

(') 
)> 
I 

;;o 
CJ 
"C 
CD 
a, 
I 

0 
0 ...... 
co 
CD 

~ 
0 
(.) 
~ 
0 
0 
0 
(.) 
0 
0 
0 ..... 
.I:,. 

' 

I 



:-:12R Thr /n11r11ril ,,( l'ara/1.,w-/1"/ogv 

TABLE [j 

STATISTICAL SU~l~IARY OF "DIRECT Hrr" GAi'iZFEUl STUDIES 

:t:=, Central /nulmcy (Coitf'n\ h) 

:g Unweighted mean 
., L 

o ·weighted mean 
~ Median 
a. Proportion positive sign 
"Tl 
0 ii SiKnifiamr:f' l!'s/s 

CD Combined Stouffer z 
CD 1 test or mean z 
II) 

z ol' proportion positive t/1 
(D 

r-J 
0 

~ Confidence internafr' 
0 
.Ill, - 80% ..... 
co 95% 
(') D1J% 
)> 9\:UJ% 
I 

From 
.17 
.I I 
.(M 

- .o~ 

To 
.3!J 
.45 
.52 
.59 

:::C 'Based on N of 28 studies. 
CJ 

.28 

.23 

.32 

.82 

(i.(i() 

:1.2:1 
:~.1 () 

~ Smm1ia1y i!f Stf111-a11d-Ll'f!{ D,:~JJlay 
a, 
I 

Variability 
l\faxim II m 
Quartile 3 (Q3) 
Median (Q2) 
Quartile I (QI) 
Minimum 
Q3 - QI 
tr: [.75 (Q3 -- QIJ 
s 

.Correlation of It 
With z 

With rawj 

1.4·1 
.42 
.32 
.08 

- .93 
.:1•1 
.'.!ii 
.'15 

.86 

.98 

g Table 6 provides a summary of the stem-and-leaf display of Ta
~ hie 5 and some additional useful information about central len
~ dency, variability, significance tests, confidence intervals, and corre
g lations between Cohen's h and (a) significance level (z) and (b) raw 
~ difference in proportions (j). Only a f'ew comments are required. 
g Effect size. The bulk of the results (82%) show a positive effect 
8 size where 50% would be expected under the null (P = .0004). The 
g mean effect size, h, of .28 is equivalent to having a direct hit rate of 
~ .38 when .25 was expected under the null. The 95% confidence in
J:.,. terval suggests the likely range of effect sizes to be from .11 to .45, 

equivalent to accuracy rates of .30 to .46 when .25 was expected 
under the null hypothesis. 

Significance testing. The overall probability that obtained accuracy 
was better 1ha11 the accuracy expected under the null was a j, of 
3.37/10

11 
associated wi1h a Stouffer ~ of G.GO (l'vfosteller S.: B11sli, 

195,1; Rosenthal, l !J78a, 1984). 

File-drawn ana~ysis. A combined jJ as low as that obtained can be 
used as a guide Lo the tolerance level for null results that 11eve1· 
found their way into the meta-analytic data base (Rosenthal, 1979, 
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1984). It has long been believed that studies failing to reach statis
tictl significance may be less likely to be published (Rosenthal, l 9GG; 
Sterling, 1959). Thus it may be that there is a residual of nonsignifi
cant studies languishing in the investigators' file drawers. With sim
ple calculations, it can be shown that, for the current studies sum
marized, there would have to be 423 studies with mean p = .50, 
one-tailed, or z = 0.00 in those file drawers before the overall com
bined j, would become just > .05, as I-Ionorton (1985) has pointed 
out. 

'f/wt many studies unrelrieved seems unlikely for this specialized 
area of' parapsychology (Ho11ono11, 1985; Hyman, 1985). Based on 
experience with meta-analyses in other-domains of research (e.g., 
interpersonal expectancy effects) the mean z or effect size for non
significant studies is not 0.00 but a value pulled strongly from 0.00 
toward the mean z or mean effect size of the obtained studies (Ro
senthal & Rubin, 1978). 

Cum/)(1.rison with an Earlier Meta-Ann(11sis 

lt is instructive to compare the results of the ganzldd research 
meta-analysis by Honorton ( 1985) with the results of an older and 
larger meta-analysis of another controversial research domain
that of interpersonal expectancy effects (Rosenthal & Rubin, 1978). 
In that analysis, eight areas of expectancy effects were summarized; 
effect sizes (Cohen's d, roughly equivalent to Cohen's h) ranged 
from .1'1 to 1. 73 with a grand mean d of . 70. Honorton's mean ef
fect size (h = .28) exceeds the mean d of two of the eight areas 
(reaction time experiments [d = .17], and studies using laboratory 
interviews [d = .14]). 

The earlier meta-analysis displayed the distribution of the z's as
sociated with the obtained p levels. Table 7 shows a comparison of 
the two meta-analyses' distributions of z's. It is interesting to note 
the high degree of similarity in the distributions of significance lev
els. The total proportion of significant results is somewhat higher 
for the ganzfeld studies but not significantly so (x2 (1) = 1.07, N · = 
373, p = .30, cp = .05). 

lNTERl'RETING TIIE l\{ET.·\-t\N.-\L\'TlC Rt-:.SULTS 

Although the results of the meta-analysis arc clear, the meaning 
of these results is open to various interpretations. The most obvious 
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TABLE 7 
PROPORTION OF STUDIES REACl·IIN(; CRITICAL LEVEL<; OF S1(;NIFICANCE 

FOR Two REsr:ARCH AREAS 

Expected Expec1a11cy Ca11zldd 
Interval for z proportion research" research" Difference 
Predicted direction 

+ 3. 72 and above .0001 .07 .04 -.03 
+ 3.09 and above .001 .12 .18 .06 
+ 2.33 and above .01 .19 .25 .06 + 1.65 and above .05 .36 .43 .07 

Not significant 
- 1.64 lo + 1.64 .!HJ 

Unpredicted direction 
.60 .50 -.10 

- I .65 and below .05 .03 .07 .04 
"N = 34.'i s111dic~; from Ros('nfhal .~ R11hi11 (l!l78). 
"N = :l8 srudics; f"ro111 Ilorwrto11 (El8!i). 

interpretation might be that at a very low p, and with a fairly im
pn.:ssive effect size, the ganzfcld psi pl1eno111e11011 !tas been dem
onslraled. However, Lhere are rival hypolheses lhat will need lo be 
considered. many of 1hem put forward in lhc derailed c,·al11;1tion hy 
Hyman (1985). 

/'r()(:nlu ra/ H ival l lypothes1's 

~ Sens01)' leakage. A standard rival hypothesis to the hypothesis of 
-g ESP is that sensory leakage occurred and that the receiver was 

______ 5:;! kaowin.gly or unknowingly cued -by-the se11der-orby-an-inrermed1-
ary between the sender and receiver. As early as 1895, Hansen and 
Lehmann (1895) described "unconscious whispering" in the labora
tory, and Kennedy ( 1938, I 939) was able to show that senders in 
lelepathy experimellls could g-ive auditory cues lo their receivers 
quite unwittingly. Ingenious use of parabolic sound reflectors made 
this demonstration possible. Moll (1898), Stratton ( 1921), and War-

0 
0 
0 
(.) 
0 
0 
0 ..... 
.I:,. 

_'Ill 

ner and Raible ( 1937) all gave early warnings on the dangers of un
intentional cueing (for summaries see Rosenthal, 1965, 1966). The 
subtle kinds of cues described by these early workers were just the 
kind we have come to look for in searching for cues given off by 
experimenters that might serve to mediate the experimenter ex
pectancy effects found in laboratory settings (Rosenthal. I 966, 
I !lH!i ). 

i. :'ii! JI IJ! JI JI .I ' IIJ[ I' I 

Canzfrdd Drbatr-Rosmthal 331 

By their nature, ganzfeld studies tend to minimize problems of 
sensory cueing. An exception occurs when the subject is asked to 

choose which of four (or more) stimuli has been "sent" by another 
person or agent. When the same st.imuli held originally by the 
sender are shown to the re_5=eiver, finger smudges or other marks 
may serve as cues. Honorton has shown, however, that studies con
trolling for this type of cue yield at least as many significant effects 
as do the studies not controlling for this type of cue. 

Recording errors. A second rival hypothesis has nearly as long a 
history. Kennedy and Uphoff (1939) and Sheffield and Kaufman 
(1952) both found biased errors of recording the data of parapsy
chological experiments. In a meta-analysis of 139,000 recorded ob-

if servations in 21 studies, it was found that about l % of all observa-
~ tions were in error and that, of the errors committed, twice as many 
:1 favored the hypothesis as opposed it (Rosenthal, 1978b). Although 
;; it is difficult to rule recording errors out of ganzfeld studies (or any 
/~ other kind of research), their magnitude is such that they could 
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;) probably have only a small biasing effect on the estimated average 
f:; effect size (Rose11thal, 1978b, p. I 007). Q 
I Intentional error. The very recent history of science has reminded t" 
~! us thal even t houg-h fraud in science is not CJUite of epidemic pro- ~ 
~ portion, it must be given close attention (Broad & Wade, 1982; ~ 
tt Zuckerman, 1977). Fraud in parapsychological research has been a '?> 
(; constant concern, a concern found lo lie justified by periodic Ila- g f grant examples (Rhine, 1975). In the analyses of Hyman (1985) a11d ~-
~ Honorton (l 985), in any case, there appeared to be no relationship ~ 

I 

~ between degree of monitoring of participants and the results of the g 
-----1---------_s.tud_y.._ ______________ -----------------------·--------------------------------5i----

~ 0 
~ 0 f Statistical Rival Hypotheses ,, 8 
I g 

File-drawer issues. The problem of biased retrieval of studies for ~ 

.. ,rr 
i 

any meta-analysis was described earlier. Part or this problem is ad- .I:,. 
dressed by the I 0-year-old norm or the Para psychological Associa-
tion of reporting negative results at its meetings and in its journals 
(Honorton, 1985). Part of this problem is addressed also by Black-
more (1980), who conducted a survey to retrieve unreported ganz-
feld studies. She found that 7 of her total of 19 studies were judged 
significant overall by the investigators. This proportion of significant 
results (.37) was not significantly (or appreciably) lower than' the 
proportion of published studies found significant (.43) in Honor-
ton's ( I !J85) meta-analysis of' direct hit gamleld studies (x\ I) 
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0.17, cp = .06. Somewhat similar results were obtained by Sommer 
(in press). in her analysis of research on the menstrual cycle. She 
found 61 % of the published results to be significant compared to 
40% of the unpublished studies; /(1) = 2.30, p < .065, one-tailed, 
cp = .20. The results of the Blackmore and Sommer studies did not 
differ significantly (z = 0.69). Taken together, these studies provide 
only modest evidence for a serious file-drawer problem. 

A problem that seems to be a special case of the file-drawer 
pr_oblem was pointed out by Hyman (1985). That was a possible ten
dency to report the results of pilot studies along with subsequent 
significant results when the pilot data were significant. At the same 
time it is possible that pilot studies were conducted without prom
ising results, pilot studies that then found their way into the file 
drawers. In any case, it is nearly impossible to have an accurate es
timate of the number of unretricved studies or pilot studies actually 
conducted. Chances seem good, however, that there would be fewer 
than the 112:~ results of" nwan;: = 0.00 required to bring- tht' overall 
combined fl to > .05. 

Multiple testing. Each ganzfeld study may have more than one de
pendent variable for scoring degree of success. If investigators use 
these dependent variables sequentially until they find one significant 
at p < .05, the true p will be higher than .05 (Hyman, 1985). This 
issue was discussed earlier; it is not an inherently i1.1tractable one 
(Rosenthal & Rubin, 1986). 

Randomization. Hyman (1985) has noted that the target stimulus 
may not have been selected in a truly random way from the pool or 
potential targets. To the extent that this is the case, the p values 
calculated can be in error. Hyman (1985) and Honorton (1985) dis
agree over the frequency in this sample of" studies o!" improper ran
domization. In addition, they disagree over the magnitude or the 
1·elationship between inadequate randomization and study outcome . 
Hyman felt this relationship to be significant and positive; Honorton 
felt this relationship to be nonsignificant and negative. Because the 
median p level of just those 16 studies using random number tables 
or generators (z = .94) was essentially identical to that found for all 
28 studies, it seems unlikely that poor randomization procedures 
were associated with m11cl1 of" a11 i11c:rcase i11 sig-11ifica11cc lcv<"I (11011-
onon, 1985, p. 71). 

Statistical errors. Hyman ( I 985) and Honorton agree that 6 of the 
28 studies contained statistical errors. However, the median effect 
size of these studies (h = .33) was very similar to the overall nH:dian 
(h = .32), so that it seems unlikely that these errors had a major 

1'·· ,. 
·~ 
t~ .. 
~~ 

r~: 

I 
I 
I 
I 
~ 
~ g 
ri'.; 

l 

Gauzfdd Vebat1•-Hose11thal 333 

effect on the overall effect size estimate. Omitting these six studies 
from the analysis decreases the mean h from .28 to .26. Such a drop 
is equivalent to a drop of the mean accuracy rate from .38 to .37 
when .25 is the expected value under the null. 

A Tentative Inference 

On the basis of the preceding summary and the very valuable 
meta-analytic evaluations of Honorton (1985) and Hyman (1985), 
what are we to believe? It would be easiest to say, "Let's wait until 
more data have been accumulated from studies purged of the prob
lems noted by Hyman, Honorton, and others." That is not a realistic 
approach. At any point in time some judgment can be made, and 
though our judgment might be more accurate later on when those 
more nearly perfect studies become available, the situation for the 
ganzfeld domain seems reasonably clear. We feel it would be im
plausible to entertain the null g-ivcn the combined /J f"rom these 28 
studies. Given the various problems or llaws jJOintcd out by Hyman 
and Honorton, the true effect size is almost surely smaller than the 
mean h of .28 equivalent to a mean accuracy of 38% when 25% is 
expected under the null. We are persuaded that the net result of 
statistical errors was a biased increase in estimated effect size of at 
least a full percentage point (from 37% to 38%). Furthermore, we 
are persuaded that file-drawer and related problems are such that 
some of the smaller effect size results have probably been kept off 
the market. If pressed to estimate a more accurate effect size, we 
might think in terms of a shrinkage of h from the obtained value .of 
.28 to perhaps an h of .18. Thus, when the accuracy rate expected 
under the null is 1/4, we might estimate the obtained accuracy 1·atc 
to be about 1/3. 

CONCLUSION 

Parapsychologists in particular and scientists in general owe a 
great debt of gratitude to Ray Hyman (1985) and Charles Honorton 
( 1985) for their careful and extensive analytic and meta-analytic 
work on the ganzfeld problem. Their debate has yielded an espe
cially high lightlheat ratio, and many of the important issues have 
now been brought out into bold relief. 

In my commentary on the ganzfeld debate, I focused most 
closely on the concept of replication. That seemed appropriate, not 
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REPLICATION AND META-ANALYSIS IN PARAPSYCHOLOGY 

Jessica Otts · 

Division of Statistics 

University of California, Davis 

1. INTRODUCTION 

In a June 1990 Gallup Poll, 49% of the 1,236 respondents claimed to believe in 

extrasensory perception (ESP), and one in four claimed to have had a personal experience 

involving telepathy (Gallup and Newport, 1991). Other surveys have shown even higher 

percentages; the University of Chicago's National Opinion Research Council recently surveyed 

1,473 adults, of which 67% claimed that they had experienced ESP (Greeley, 1987). 

Public opinion is a poor arbiter of science, however, and experience is a poor substitute 

for the scientific method. For more than a century, small numbers of scientists have been 

conducting laboratory experiments to study phenomena such as telepathy, clairvoyance, and 

precognition, collectively known as "psi" abilities. This paper will examine.some of that work, 

as well as some of the statistical controversies it has generated. 

Parapsychology, as this field fS called, has been a source of controversy throughout its 

history. Strong beliefs tend to be resistant to change even in the face of data, and many people, 

scientists included, seem to have made up their minds on the question without examining any 

empirical data at all. A critic of parapsychology recently acknowledged that "The level of the 

debate during the past 130 years has been an embarrassment for anyone who would like to 

believe that scholars and se:ientists adhere to standards of rationality and fair play" (Hyman, 

1985a, p.89). While much of the controversy has focused on poor experimental design and 
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potential fraud, there have been attacks and defenses of the statistical methods as well, 

sometimes calling into question the very foundations of probability and statistical inference. 

Most of the criticisms have been leveled by psychologists. For example, a 1988 report 

of the U.S. National Academy of Sciences concluded that "The committee finds no scientific 

justification from research conducted q_ver a period of 130 years for the existence of 

parapsychological phenomena" (Druckman and Swets, 1988, p. 22). The chapter on 

parapsychology was written by a subcommittee chaired by a psychologist who had published a 

similar conclusion prior to his appointment to the committee (Hyman, 1985a, p. 7). There were 

no parapsychologists involved with the writing of the report. Resulting accusations of bias 

(Palmer, Honorton and Utts, 1989) led U.S. Senator Claiborne Pell to :request that the 

Congressional Office of Technology Assessment (OTA) conduct an investigation with a more 

balanced group. A one-day workshop was held on September 30, 1988 bringing together 

parapsychologists, critics, and experts in some related fields (including the author of this paper). 

The report concluded that parapsychology needs "a fairer hearing across a b_roader spectrum of 

the scientific community, so that emotionality does not impede objective assessment of 

experimental results" (Office of Technology Assessment, 1989). 

It is in the spirit of the OTA report that this article is written. After Section 2, which 

offers an anecdotal account o~ the role of statisticians and statistics in parapsychology, the 

discussion turns to the more general question of replication of experimental results. Section 3 

illustrates how replication has been (mis)interpreted by scientists in many fields, Returning to 

parapsychology in Section 4, a particular experimental regime called the "ganzfeld" is described, 

and an extended debate about the interpretation of the experimental results is discussed. Section 
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5 examines a meta-analysis of recent ganzfeld experiments designed to resolve the debate. 

Finally, Section 6 contains a brief account of meta-analyses that have been conducted in other 

areas of parapsychology, and conclusions are given in Section 7. 

2. STATISTICS AND PARAPSYCHOLOGY 

Parapsychology had its beginnings in the investigation of purported mediums and other 

anecdotal claims in the late 19th century. The Society for Psychical Research was founded in 

Britain in 1882, and its American counterpart was founded in Boston in 1884. While these 

organizations and their members were primarily involved with investigating anecdotal material, 

a few of the early researchers were already conducting "forced-choice" experiments such as 

card-guessing. (Forced-choice experiments are like multiple choice tests; on each trial the 

subject must guess from a small, known set of possibilities.) Notable among these was Nobel 

Laureate Charles Richet~ who ·is generally credited with being the first to recognize that 

probability theory could be applied to card-guessing experiments (Rhine, 1_977, p.26; Richet, 

1884). 

F. Y. Edgeworth, partly in response to what he considered to be incorrect analyses of 

these experiments, offered one of the earliest treatises on the statistical evaluation of forced

choice experiments in two art\cles published in the Proceedings of the Society for Psychical 

Research (Edgeworth, 1885, 1886). Unfortunately, as noted by Mauskopf and McVaugh (1979) 

in their historical account of the period, Edgeworth' s papers were "perhaps too difficult for their 

immediate audience 11 (p. 105). 

Edgeworth began his analysis by using Bayes Theorem to derive the formula for the 
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probability theory could be applied to card-guessing experiments (Rhine, 1_977, p.26; Richet, 

1884). 

F.Y. Edgeworth, partly in response to what he considered to be incorrect analyses of 

these experiments, offered one of the earliest treatises on the statistical evaluation of forced

choice experiments in two articles published in the Proceedings of the Society for Psychical 

Research (Edgeworth, 1885, 1886). Unfortunately, as noted by Mauskopf and McVaugh (1979) 

in their historical account of the period, Edgeworth's papers were "perhaps too difficult for their 

immediate audience" (p. 105). 

Edgeworth began his analysis by using Bayes Theorem to derive the formula for the 
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posterior probability that chance was operating, given the data. He then continued with an 

argument "savouring more of Bernoulli than Bayes" in which "it is consonant, I submit, to 

experience, to put 1h both for a and 13," i.e. for both the prior probability that chance alone was 

operating, and the prior probability that "there should have been some additional agency." He 

then reasoned (using a Taylor Series expansion of the posterior probability formula) that if there 

were a large probability of observing the data given that some additional agency was at work, 

and a small objective probability of the data under chance, then the latter (binomial) probability 

"may be taken as a rough measure of the sought a posteriori probability in favour of mere 

chance" (p. 195). Edgeworth concluded his article by applying his method to some data 

published previously in the same journal. He found the probability against chance to be .99996, 

which he said "may fairly be regarded as physical certainty" (p. 199). He concluded: 

"Such is the evidence which the calculus of probabilities affords as to the 
existence of an agency other than mere chance. The calculus is silent as to the 
nature of that agency -- whether it is more likely to be vulgar illusion or 
extraordinary law. That is a question to be decided, not by formulae and figures, 
but by general philosophy and common sense" (p. 199). 

Both the statistical arguments and the experimental controls in these early experiments 

were somewhat loose. For example, Edgeworth treated as binomial an experiment in which one 

person chose a string of eight letters and another attempted to guess the string. Since it has long 

been understood that people are. poor random number ( or letter) generators, there is no statistical 

basis for analyzing such an experiment. Nonetheless, Edgeworth and his contemporaries set the 

stage for the use of . controlled experiments with statistical evaluation in laboratory 

parapsychology. 

One of the first American researchers to use statistical methods in parapsychology was 
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John Edgar Coover, who was the Thomas Welton Stanford Psychical Research Fellow, in the 

Psychology Department at Stanford University, from 1912 to 1937 (Dommeyer, 1975). In 1917 

Coover published a large volume summarizing his work (Coover, 1917). Coover believed that 

his results were consistent with chance, but others have argued that Coover's definition of 

significance was too strict (Dommeyer, 1975). For example, in one evaluation of his telepathy 

experiments, Coover found a two-tailed p-value of .0062. He concluded "Since this value, then, 

lies within the field of chance deviation, although the probability of its occurrence by chance is 

fairly low, it cannot be accepted as a decisive indication of some cause beyond chance which 

operated in favor of success in guessing" (Coover, 1917, p. 82). On the next page he made it 

explicit that he would require ap-value of .0000221 to declare that something other than chance 

was operating. 

It was during the summer of 1930, with the card-guessing experiments of J.B. Rhine at 

Duke University, that parapsychology began to take hold as· a laboratory science. In fact, 

Rhine's laboratory still exists under the name of the Foundation for Resear~h on the Nature of 

Man, housed at the edge of the Duke University campus. 

It wasn't long after Rhine published his first book, Extrasensory Perception in 1934, that 

the attacks on his methodology began. Since his claims were wholly based on statistical analyses 

of his experiments, the statistiqal methods were closely scrutinized by critics anxious to find a 

plausible explanation for Rhine's positive results. 

The most persistent critic was a psychologist from McGill University named Chester 

Kellogg (Mauskopf and Mcyaugh, 1979). Kellogg's main argument was that Rhine was using 

the binomial distribution (and normal approximation) on a series of trials that were not 
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independent. The experiments in question consisted of having a subject guess the order of a 

deck of 25 cards, with five each of five symbols, so technically Kellogg was correct. 

By 1937 several mathematicians and statisticians had come to Rhine's aid. Mauskopf and 

McVaugh (1979) speculated that since statistics was itself a young discipline, "a number of 

statisticians were equally outraged by Kellogg, whose arguments they saw as discrediting their 

profession" ( p. 258). The major technical work, which acknowledged that Kellogg's criticisms 

were accurate but did little to change the significance of the results, was conducted by Charles 

Stuart and Joseph A. Greenwood and published in the first volume of the Journal of 

Parapsychology (Stuart and Greenwood, 1937). Stuart, who had been an undergraduate in 

mathematics at Duke, was one of Rhine's early subjects, and continued to work with him as a 

researcher until Stuart's death in 1947. Greenwood was a Duke mathematician, who apparently 

converted to a statistician at the urging of Rhine. 

Another prominent figure who was distressed with Kellogg's attack was E. V. 

Huntington, a mathematician at Harvard. After corresponding with Rhine, Huntington decide,d 

that, rather than further confuse the public with a technical reply to Kellogg's arguments, a 

simple statement should be made to the effect that the mathematical issues in Rhine's work had 

been resolved. Huntington must have successfully convinced his former student, Burton Camp 

of Wesleyan, that this was a wise approach. Camp was the 1937 President of IMS. When the 

annual meetings were held in December of 1937 Gointly with AMS and AAAS), Camp released 

a statement to the press that read: 

"Dr. Rhine's investigations have two aspects: experimental and statistical. On the 
experimental side mathematicians, of course, have nothing to say. On the 
statistical side, however, recent mathematical work has established the fact that, 
assuming that the experiments have b~n properly performed, the statistical 

Approved For Release 2003/04/18: CIA-RDP96-00789R003100030001-4 



Approved For Release 2003/04/18: CIA-RDP96-00789R003100030001-4 

7 

analysis is essentially valid. If the Rhine investigation is to be fairly attacked, it 
must be on other than mathematical grounds" (Camp, 1937). 

One statistician who did emerge as a critic was William Feller. In a talk at the Duke 

Mathematical Seminar on April 24, 1940, Feller raised three criticisms to Rhine's work (Feller, 

1940). They had been raised before by others (and continue to be raised even today). The first 

was that inadequate shuffling of the cards resulted in additional information from one series to 

the next. The second was what is now known as the "file-drawer effect," namely, that if one 

combines the results of published studies only, there is sure to be a bias in favor of successful 

studies. The third was that the results were enhanced by the use of optional stopping, i.e. by 

not specifying the number of trials in advance. All three of these criticisms were addressed in 

a rejoinder by Greenwood and Stuart (1940), but Feller was never convinced. Even in its third 

edition published in 1968, his book An Introduction to Probability Theory and Its Applications 

still contains his conclusion about Greenwood and Stuart: "Both their arithmetic and their .. ~ 

experiments have a distinct tinge of the supernatural" (Feller, 1968, p. 407). In his discussion 

of Feller's position, Diaconis (1978) remarks, "I believe Feller was confused ... he seemed to 

have decided the opposition was wrong and that was that. 11 

Several statisticians have contributed to the literature in parapsychology to greater or 

lesser degrees. T.N.E. Greville devoted much of his professional life to developing statistical 

methods for parapsychology; Fisher (1924, 1929) addressed some specific problems in card

guessing experiments; Wilks (1965) described various statistical methods for parapsychology; 

Lindley (1957) presented a Bayesian analysis of some parapsychology data; and Diaconis (1978) 

pointed out some problems with certain experiments and presented a method for analyzing 

experiments when f~back is given. 
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Occasionally, attacks on parapsychology have taken the form of attacks on statistical 

inference in general, at least as it is applied to real data. Spencer-Brown (1957) attempted to 

show that true randomness is impossible, at least in finite sequences, and that this could be the 

explanation for the results in parapsychology. That argument re-emerged in a recent debate on 

the role of randomness in parapsychology, initiated by psychologist J. Barnard Gilmore 

(Gilmore, 1989; Utts, 1989a; Palmer, 1989; Gilmore, 1990; Palmer, 1990). Gilmore stated that 

"The agnostic statistician, advising on research in psi, should' take account of the possible 

inappropriateness of classical inferential statistics" (1989, p.338). In his second paper, Gilmore 

reviewed several non-psi studies showing purportedly random systems that do not behave as they 

should under randomness (e.g. Iversen, Longcor, Mosteller, Gilbert, and Youtz, 1971; and 

Spencer-Brown, 1957). Gilmore concluded that "Anomalous data ... should not be found nearly 

so often if classical statistics offers a valid model of reality" (1990, p. 54), thus rejecting the use 

of classical statistical inference for real-world applications in general. 

3. REPLICATION 

Implicit and explicit in the literature on parapsychology is the assumption that in order 

to truly establish itself, the field needs to find a repeatable experiment. For example, Diaconis 

(1978) starts the summary of his article in Science with the words "In search of repeatable ESP 

experiments, modem investigators ... " (p. 131). On October 28-29, 1983, the 32nd International 

Conference of the Parapsychology Foundation was held in San Antonio, Texas, to address "The 

Repeatability Problem in Parapsychology." The Conference Proceedings (Shapin and Coly, 

1985) reflect the diverse views among parapsychologists on the nature of the problem. Honorton 

'· 
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(1985a) and Rao (1985), for example, both argued that strict replication is uncommon in most 

branches of science, and that parapsychology should not be singled out as unique in this regard. 

Other authors expressed disappointment in the lack of a single repeatable experiment in 

parapsychology, with titles such as "Unrepeatability: Parapsychology's Only Finding" 

(Blackmore, 1985), and "Research Strategies for Dealing with Unstable Phenomena" (Beloff, 

1985). 

It has never been clear, however, just exactly what would constitute acceptable evidence 

of a repeatable experiment. In the early days of investigation, the major critics "insisted that 

it would be sufficient for Rhine and Soal to convince them of ESP if a parapsychologist could 

perform successfully a single 'fraud-proof experiment" (Hyman, 1985a, p. 71). However, as 

soon as well-designed experiments showing statistical significance emerged, the critics realized 

that a single experiment could be statistically significant just by chance. British psychologist 

C.E.M. Hansel quantified the new expectation, that the experiment should be repeated a few 

times, as follows: 

"If a result is significant at the .01 level and this result is not due to chance but 
to information reaching the subject, it may be expected that by making two 
further sets of trials the antichance odds of one hundred to one will be increased 
to around a million to one, thus enabling the effects of ESP -- or whatever is 
responsible for the original result -- to manifest itself to such an extent that there 
will be little doubt that the result is not due to chance" (Hansel, 1980, p.298). 

In other words, three consecutive experiments at p ~ .01 would convince Hansel that something 

other than chance was at work. 

This argument implies that if a particular experiment produces a statistically significant 

result, but subsequent replications fail to attain significance, then the original result was probably 

due to chance, or at l~st remains unconvincing .. The problem with this line of reasoning is that 
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there is no consideration given to sample size or power. Only an experiment with extremely 

high power should be expected to be "successful" three times in succession. 

It is perhaps a failure of the way statistics is taught that many scientists do not understand 

the importance of power in defining successful replication. To illustrate this point, psychologists 

Tversky and Kahnemann (1982) distributed a questionnaire to their colleagues at a professional 

meeting, with the question: 

"An investigator has reported a result that you consider implausible. He ran 15 
subjects, and reported a significant value, t = 2.46. Another investigator has 
attempted to duplicate his procedure, and he obtained a nonsignificant value of 
t with the same number of subjects. The direction was the same in both sets of 
data. You are reviewing the literature. What is the highest value of t in the 
second set of data that you would describe as a failure to replicate?" (1982, p. 
28). 

In reporting their results, Tversky and Kahnemann stated: 

"The majority of our respondents regarded t = 1. 70 as a failure to replicate. If 
the data of two such studies (t = 2.46 and t = 1. 70) are pooled, the value oft .. 
for the combined data is about 3.00 (assuming equal variances). Thus, we are 
faced with a paradoxical state of affairs, in which the same data that would 
increase our confidence in the finding when viewed as part of the original study, 
shake our confidence when viewed as an independent study" (1982, p. 28). 

At a recent presentation to the History and Philosophy of Science Seminar at the 

University of California at Davis, I asked the following question. Two scientists, Professors A 

and B, each have a theory they would like to demonstrate. Each plans to run a fixed number 

of Bernoulli trials and then test Ho: p = .25 versus H.: p > .25. Professor A has access to 

large numbers of students each semester to use as subjects. In his first experiment he runs 100 

subjects, and there are 33 successes (p = .04, one-tailed). Knowing the importance of 

replication, Professor A runs an additional 100 subjects as a second experiment. He finds 36 

successes (p = .009, (?Ile-tailed). 
\ 
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Professor B only teaches small classes. Each· quarter she runs an experiment on her 

students to test her theory. She carries out ten studies this way, with the following results: 

ll 

10 
15 
17 
25 
30 
40 
18 
10 
15 
20 

Number of successes 

4 
6 
6 
8 
10 
13 
7 
5 
5 
7 

one-tailed v-value 

.22 

.15 

.23 

.17 

.20 

.18 

.14 

.08 

.31 

.21 

I asked the audience by a show of hands to indicate whether or not they felt the scientists 

had successfully demonstrated their theories. Professor A's theory received overwhelming 

support, with approximately 20 votes, while Professor B's theory received only one vote. 

If you aggregate· the results of the experi~ents for each Professor, you v.rill notice that 

each conducted 200 trials, and Professor B actually demonstrated a higher l~vel of success than 

Professor A, with 71 as opposed to 69 successful trials. The one-tailed p-values for the 

combined trials are .0017 for Professor A and .0006 for Professor B. 

To address the question of replication more explicitly, I also posed the following 

scenario. In December of 1987 it was decided to prematurely terminate a study on the effects 

of aspirin in reducing heart attacks because the data were so convincing (See e.g. Greenhouse 

and Greenhouse, 1988; Rosenthal, 1990a). The physician-subjects had been randomly assigned 

to take aspirin or a placebo. There were 104 heart attacks among the 11,037 subjects in the 

aspirin group, and 189 heart attacks among the 11,034 subjects in the placebo group (chi-square 
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= 25.01, p < .00001). 

After showing the results of that study, I presented the audience with two hypothetical 

experiments conducted to try to replicate the original result, with outcomes as follows: 

Aspirin 

Placebo 

REPLICATION #1 

Heart Attack 

Yes 

11 

19 

No 

1156 

1090 

Chi-square= 2.596,p=.11 

Aspirin 

Placebo 

REPLICATION #2 

Heart Attack 

Yes 

20 

48 

No 

2314 

2170 

Chi-square = 13.206, p=.0003 

I asked the audience to indicate which one they thought was a more successful 

replication. The audience chose the second one, as would mostjournal editors, because of the 

"significant p-value". In fact, the first replication has almost exactly the same proportion of 

heart attacks in the two groups as the original study, and is thus a very close replication of that 

result. The second replication has very different proportions, and in fact th~ relative risk from 

the second study is not even contained in a 95 % confidence interval for relative risk from the 

original study. The magnitude of the effect has been much more closely matched by the "non

significant" replication. 

Fortunately, psychologists are beginning to notice that replication is not as 

straightforward as they were originally led to believe. A special issue of the Journal of Social 

Behavior and Personality was entirely devoted to the question of replication (Neuliep, 1990). 

In one of the articles, Rose1:thal cautioned his colleagues: "Given the levels of statistical power 

at which we normally operate, we have no right to expect the proportion of significant results 
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that we typically do expect, even if in nature there is a very real and very important effect" 

(Rosenthal, 1990b, p .16). 

Jacob Cohen, in his insightful article titled "Things I Have Learned (So Far)," identified 

another misconception common among social scientists: "Despite widespread misconceptions to 

the contrary, the rejection of a given null hypothesis gives us no basis for estimating the 

probability that a replication of the research will again result in rejecting that null hypothesis" 

(Cohen, 1990, p.1307). 

Cohen and Rosenthal both advocate the use of effect sizes as opposed to significance 

levels when defining the strength of an experimental effect. In general, effect sizes measure the 

amount by which the data deviate from the null hypothesis in terms of standardized units. For 

instance, the effect size for a two-sample t-test is usually defined to be the difference in the two 

means, divided by the standard deviation for the control group. This measure can be compared 

. ~ 

across studies without the dependence on sample size inherent in significance levels. (Of course 

there will still be variability in the sample effect sizes, decreasing as a function of sample size.) 

Comparison of effect sizes across studies is one of the major components of meta-analysis. 

Similar arguments have recently been made in the medical literature. For example, 

Gardner and Altman (1986) stated that the use of p-values "to define two alternative outcomes -

significant and not significant-- is not helpful and encourages lazy thinking" (p. 746). They 

advocated the use of confidence intervals instead. 

As discussed in the next section, the arguments used to conclude that parapsychology has 

failed to demonstrate a replicable effect hinge on these misconceptions of replication and failure 

to examine power. A more appropriate analysis would compare the effect sizes for similar 
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experiments across experimenters and across time to see if there have been consistent effects of 

the same magnitude. Rosenthal also advocates this view of repl~cation: 

"The traditional view of replication focuses on significance level as the relevant 
summary statistic of a study and evaluates the success of a replication in a 
dichotomous fashion. The newer, more useful view of replication focuses on 
effect size as the more important summary statistic of a study and evaluates the 
success of a replication not in a dichotomous but in a continuous fashion" 
(Rosenthal, 1990b, p. 28). 

The dichotomous view of replication has been used throughout the history of 

parapsychology, by both parapsychologists and critics (Utts, 1988). For example, the National 

Academy of Sciences Report critically evaluated "significant" experiments, but entirely ignored 

"nonsignificant" experiments. 

In the next three sections we will examine some of the results in parapsychology using 

the broader, more appropriate definition of replication. In doing so, we will show that the 

results are far more interesting than the critics would have us believe. 

4. THE GANZFELD DEBATE IN PARAPSYCHOLOGY 

An extensive debate took place in the mid-1980' s between a parapsychologist and critic, 

questioning whether or not a particular body of parapsychological data had demonstrated psi 

abilities. The experiments in question were all conducted using the ganzfeld setting (described. 

below).· Several authors were invited to write commentaries on the debate. As a result, this 

data base has been .more thoroughly analyzed by both critics and proponents than any other, and 

provides a good source for studying replication in parapsychology. 

The debate concludea with a detailed series of recommendations for further experiments, 

and left open the question of whether or not psi abilities had been demonstrated. A new series 
. . 
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of experiments that followed the recommendations were conducted over the next few years. The 

results· of the new experiments will be presented in Section 5. 

4.1 Free-response Experiments 

Recent experiments in parapsychology tend to use more complex target material than the 

cards and dice used in the early investigations, partially to alleviate boredom on the part of the 

subjects and partially because they are thought to "more nearly resemble the conditions of 

spontaneous psi occurrences" (Burdick and Kelly, 1977, p. 109). These experiments fall under 

the general heading of "free-response" experiments, because the subject is asked to give a verbal 

or written description of the target, rather than being forced to make a choice from a small 

discrete set of possibilities. Various types of target material have been used, including pictures, 

short segments of movies on video tapes, actual locations, and small objects. 

Despite the more complex target material, the statistical methods used to analyze these 

experiments are similar to those for forced-choice experiments. A typical experiment proceeds 

as follows. Before conducting any trials, a large pool of potential targets is assembled, usually 

in packets of four. Similarity of targets within a packet is kept to a minimum, for reasons made 

clear below. At the start of an experimental session, after the subject is sequestered in an 

isolated room, a target is selected at random from the pool. A sender is placed in another room 

with the target. The subject is asked to provide a verbal or written description of what he or . 

she thinks is in the target, knowing only that it is a photograph, an object, etc. 

After the subject's description has been recorded and secured against the potential for 

later alteration, a judge (who may or may not be the subject) is given a copy of the subject's 

description and the fo_ur possible targets that w~re in the packet with the correct target. A 
\ 
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properly conducted experiment either uses video tapes or has two identical sets of target material 

and uses the duplicate set for this part of the process, to ensure that clues such as fingerprints 

don't give away the answer. Based on the subject's description, and of course on a blind basis, 

the judge is asked to either rank the four choices from most to.least likely to have been the 

target, or to select the one from the four that seems to best match the subject's description. If 

ranks are used, the statistical analysis proceeds by summing the ranks over a series of trials and 

comparing the sum to what would be expected by chance. If the selection method is used, a 

"direct hit" occurs if the correct target is chosen, and the number of direct hits over a series of 

trials is compared to the number expected in a binomial experiment with p = . 25. 

Note that the subjects' responses cannot be considered to be "random" in any sense, so 

probability assessments are based on the random selection of the target and decoys. In a 

correctly designed experiment, the probability of a direct hit by chance is .25 on each trial, 

regardless of the response, and the trials are independent. These and other issues related to 

analyzing free-response experiments are discussed by Utts (1989b). 

4.2 The Psi Ganzfeld Experiments 

The ganzfeld procedure is a particular kind of free-response experiment utilizing a 

perceptual isolation technique originally developed by Gestalt psychologists for other purposes. 

Evidence from spontaneous case studies and experimental work had led parapsychologists to a 

model proposing that psychic functioning may be masked by sensory input and by inattention 

to internal states (Honorton, 1977). The ganzfeld procedure was specifically designed to test 

whether or not reduction of external "noise" would enhance psi performance. 

In these expet1ments, the subject is pl~ced in a comfortable reclining chair in an 
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acoustically shielded room. To create a mild form of sensory deprivation, the subject wears 

headphones through which white noise is played, and stares into a constant field of red light. 

This is achieved by taping halved translucent ping-pong balls over the eyes and then illuminating 

the room with red light. In the psi ganzfeld experiments, the subject speaks into a microphone 

and attempts to describe the target material being observed by the sender in a distant room. 

At the 1982 Annual Meeting of the Parapsychological Association, a debate took place 

over the degree to which the re:sults of the psi ganzfeld experiments constituted evidence of psi 

abilities. Psychologist and er.tic Ray Hyman and parapsychologist Charles Honorton each 

analyzed the results of all known psi ganzfeld experiments to date, and reached strikingly 

different conclusions. The debate continued with the publication of their arguments in separate 

articles in the March 1985 issue of fae Journal of Parapsychology. Finally, in the December 

1986 issue of the Journal of Parapsychology, Hyman and Honorton wrote a joint article in which 

they highlighted their agreeme:ilts and disagreements, and outlined detailed criteria for future 

experiments. That same issue contained commentaries on the debate by tel} other authors. 

The data base analyzed by Ryman and Honorton consisted of results taken from 34 

reports written by a total of 47 authors. Honorton counted 42 separate experiments described 

in the reports, of which 28 reported enough information to determine the number of direct hits 

achieved. Twenty three of the studies (55 % ) were classified by Honorton as having achieved 

statistical significance at . 05. 

4.3 The Vote-Counting Debate 

Vote-counting is the .. term commonly used for the technique of drawing inferences about 

an experimental effect_ by counting the number <?f significant versus non-significant studies of 
I, 
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the effect. Hedges and Olk.in (1985) give a detailed analysis of the inadequacy of this method, 

showing that it is more and more likely to make the wrong decis:ion as the number of studies 

increases. While Hyman acknowledged that "vote-countir.g raises many problems (Hyman, 

1985b, p.8)," he nonetheless spent half of his critique of the ganzfeld studies showing why 

Honorton' s count of 55 % was wrong. 

Hyman's first complaint was that several of the studies contained multiple conditions, 

each of which should be considered as a separate study. t:'sing this definition he counted 80 

studies (thus further reducing the sample sizes of the indiYi.dual studies), of which 25 (31 %) 

were "successful. " Honorton' s response to this was to invite readers to examine the studies and 

decide for themselves if the varying conditions constituted separate experiments. 

Hyman next postulated that there was selection bias, so that significant studies were more 

likely to be reported. He raised some important issues about how pilot studies may be 

terminated and not reported if they don't show significant results, or may at l~st be subject to 

optional stopping, allowing the experimenter to determine the number of trials. He also 

presented a chi-square analysis that "suggests a tendency to report studies with a small sample 

only if they have significant results" (Hyman, 1985b, p.14). but l have questioned his analysis 

elsewhere (Utts, 1986, p. 397). 

Honorton refuted Hyman's argument with four rejoi.J.ders (Honorton, 1985b, p.66). In 

addition to reinterpreting Hyman's chi-square analysis, Honorton pointed out that the 

Parapsychological Association has an official policy enwuraging the publication of non

significant results in its jo~rnals and proceedings, that a large number of reported ganzfeld 

studies did not achieve statistical significance, and that there would have to be 15 studies in the 
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"file-drawer" for every one reported to cancel out the observed significant results. 

The remainder of Hyman's vote-counting analysis consisted of showing that the effective 

error rate for each study was actually much higher than the nominal 5 % . For example, each 

study could have been analyzed using the direct hit measure, the sum of ranks measure, or one 

of two other measures used for free-response analyses. Hyman carried out a simulation study 

that showed the true error rate would be .22 if "significance" was defined by requiring at least 

one of these four measures to achieve the .05 level. He suggested several other ways in which 

multiple testing could occur, and concluded that the effective error rate in each experiment was 

not the nominal .05, but rather was probably close to the 31 % he had determined to be the 

actual success rate in his vote-count. 

Honorton acknowledged that there was a multiple testing problem, but he had a two-fold 

response. First, he applied a Bonferroni correction and found that the number of significant 

studies (using his definition of a study) only dropped from 55 % to 45 % . Next, he proposed that 

a uniform index of success be applied to all studies. He used the number of direct hits, since 

it was by far the most commonly reported measure and was the measure used in the first 

published psi ganzfeld study. He then conducted a detailed analysis of the 28 studies reporting 

direct hits and found that 43 % were significant at . 05 on that measure alone. Further, he 

showed that significant effects· were reported by six of the 10 independent investigators, and 

thus were not due to just one or two investigators or laboratories. He also noted that success 

rates were very similar for reports published in refereed journals and . those published m 

unrefereed monographs and abstracts. 

While Hyman's arguments identified issues such as selective reporting and optional 
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stopping that should be considered in any meta-analysis, the dependence of significance levels 

on sample size makes the vote-counting technique almost useless for assessing the magnitude of 

the effect. Consider for example the 24 studies where the direct hit measure was reported and 

the chance probability of a direct hit was .25, the most common type of study in the data base. 

(There were 4 direct hit studies with other chance probabilities and 14 that did not report direct 

hits.) Of the 24 studies, 13 (54%) were "nonsignificant" at a = .05, one-tailed. But if the 367 

trials in these "failed replications" are combined, there are 106 direct hits, z = 1.66, and p = 

. 0485, one tailed. This is reminiscent of the dilemma of Professor B in Section 3. 

Power is typically very low for these studies. The median sample size for the studies 

reporting direct hits was 28. If there is a real effect and it increas~s the success probability from 

the chance .25 to an actual .. 33 (a value whose rationale will be made clear below), the power 

for a study with 28 trials is only .181 (Utts, 1986). It should be no surprise that there is a 

"repeatability" problem in parapsychology. 

4.4 Flaw Analysis and Future Recommendations 

The second half of Hyman's paper consisted of a IIMeta-Analysis of Flaws and 

Successful Outcomes" (1985b, p. 30), designed to explore whether or not various meas·ures of 

success were related to specific flaws in the experiments. While many critics have argued that 

the results in parapsychology can be explained by experimental flaws, Hyman's analysis was the 

first to attempt to quantify the relationship between flaws and significant results. 

Hyman identified 12 potential flaws in the ganzfeld experiments, such as inadequate 

randomization, multiple tests used without adjusting the significance level (thus inflating the 

significance level frofl?. the nominal 5 % ), and f~lure to use a duplicate set of targets for the 
'· 
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judging process (thus allowing possible clues such as fingerprints). Using cluster and factor 

analyses, the 12 binary flaw variables were combined into three new y.:Jiables, which Hyman 

named General Security, Statistics and Controls. 

Several analyses were then conducted. The one reported with the most detail is a factor 

analysis utilizing 17 variables for each of 36 studies. Four factors eme~ged from the analysis. 

From these, Hyman concluded that security had increased over the yea;s, that the significance 

level tended to be inflated the most for the most complex studies, and that both effect size and 

level of significance were correlated with the existence of flaws. 

Following his factor analysis, Hyman picked the three flaws tr.at seemed to be most 

highly correl2.ted \\1th success, which were inadequate attention to bJth randomization and 

documentation, and the potential for ordinary communication between 1te sender and receiver. 

A regression equation was then computed using each of the three flaws as dummy variables, and 

·-
the effect size for the experiment as the dependent variable. From this equation, Hyman 

concluded that a study without these three flaws would be predicted to have a hit rate of 27%. 

He concluded that this is "well within the statistical neighborhood of the ~5 % chance rate" (ibid, 

p. 37), and thus "the ganzfeld psi data base, despite initial impressions, is inadequate either to 

support the contention of a repeatable study or to demonstrate the reality of psi" (ibid p. 38). 

Honorton discounted both Hyman's flaw classification and his anc.lysis. He did not deny 

that flaws existed, but objected that Hyman's analysis was faulty and impossible to interpret. 

Honorton asked psychometrician David Saunders to write an Appendix to his article, evaluating 

Hyman's analysis. Saunders frrst criticized Hyman's use of a factor anc.lysis with 17 variables 

(many of which were dichotomous) and only 36 cases, and concluded that "the entire analysis 
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is meaningless" (Saunders, 1985, p.87). He then noted that Hyman's choice of the three flaws 

to include in his regression analysis constituted a clear case of multiple analysis, since there were 

84 possible sets of three that could have been selected (out of nine potential flaws), and Hyman 

chose the set most highly correlated with effect size. Again, Saunders concluded that "any 

interpretation drawn from [the regression analysis] must be regarded as meaningless" (ibid, p. 

88). 

Hyman's results were also contradicted by Harris and Rosenthal (1988b) in an analysis 

requested by Hyman in his capacity as Chair of the National Academy of Sciences' 

Subcommittee on Parapsychology. Using Hyman's flaw classifications and a multivariate 

analysis, Harris and Rosenthal concluded that "Our analysis of the effects of flav.·s on study 

outcome lends no support to the hypothesis that ganzfeld research results are a significant 

function of the set of flaw variables" (1988b, p. 3). 

Hyman and Honorton were in the process of preparing papers for a second round qf 

debate when they were invited to lunch together at the 1986 Meeting of th~ Parapsychological 

· Association. They discovered that they were in general agreement on several major issues, and 

decided to coauthor a "Joint Communique" (Hyman and Honorton, 1986). It is clear from their 

paper that they both thought it was more important to set the stage for future experimentation 

than to continue the technical ·arguments over the current data base. In the abstract to their 

paper they wrote: 

"We agree that there is an overall significant effect in this data base that cannot 
reasonably be explained by selective reporting or multiple analysis. We continue to 
differ over the degree to which the effect constitutes evidence for psi, but we agree that 
the final verdict awaits the outcome of future experiments conducted by a broader range 
of investigators and according to more stringent standards" (Ibid, p. 351). 
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The paper then outlined what these standards should be. They included controls against 

any kind of sensory leakage, thorough testing and documentation of randomization methods used, 

better reporting of judging and feedback protocols, control for multiple analyses, and advance 

specification of number of trials and type of experiment. Indeed, any area of research could 

benefit from such a careful list of procedural recommendations. 

4.5 Rosenthal's Meta-Analysis 

The s.ame issue of the Journal of Parapsychology in which the Joint Communique 

appeared also carried commentaries on the debate by 10 separate authors. In his commentary, 

psychologist Robert Rosenthal, one of the pioneers of meta-analysis in psychology, summarized 

the aspects of Hyman's and Honorton's work that would typically be included in a meta-analysis 

(Rosenthal, 1986). It is worth reviewing Rosenthal's results so that they can be used as a basis 

of comparison for the more recent psi ganzfeld stl,ldies reported in Section 5. 

Rosenthal, like Hyman and Honorton, focused only on the 28 studies for which 

direct hits were known. He chose to use an effect size measure called Cohen's h, which is the 

difference between the arcsin transformed proportions of direct hits that were observed and 

expected: 

h =2 x( arcsin../p-arcsin,/p) 

One advantage of this measure over the difference in raw proportions is that can be used to 

compare experiments with different chance hit rates. 

If the observed and expected numbers of hits were identical, the effect size would be 

zero. Of the 28 studies, 23 (82%) had effect sizes greater than zero, with a median effect size 
\ . 

2003/04/18. CIA-RDP96-00789R003100030001-4 
Approved For Release · . 



Approved For Release 2003/04/18: CIA-~DP96-00789R003100030001-4 

24 

of .32 and a mean of .28. These correspond to direct hit rates of .40 and .38 respectively, when 

. 25 is expected by chance. A 95 % confidence interval for the trne effect size is from .11 to .45, 

corresponding to direct hit rates of from .30 to .46 when chance is .25. 

A common technique in meta-analysis is to calculate a "combined z," found by summing 

the individual z scores and di,iding by the square root of the number of studies. The result 

should have a standard normal distribution if each z score has a standard normal distribution. 

For the ganzfeld studies, Rosenthal repor:ted a combined z of 6.60 with a p-value of 3.37 x 10-11
• 

He also reiterated Honorton' s file-drawer assessment by calculating that there would have to be 

423 studies unreixirted to nega.:e the significant effect in the 28 direct hit studies. 

Finally, Rosenthal acknowledged that because of the flaws in the data· base and the 

potential for at least a small file drawer effect, the true average effect size was probably closer 

to .18 than .28. He concluded, "Thus, when the accuracy rate expected under the null is 1/4, 

we might estimate the obtained accuracy rate to be about 1/3" (Ibid, p. 333). This is the value 

used for the earlier power calculation. 

It is worth mentioning that Rosenthal was commissii;med by the National Academy of 

Sciences to prepare a background paper to accompany its 19~8 report on parapsychology. That 

paper (Harris and Rosenthal, 1988a) contained much of the same analysis as his commentary 

summarized above. Ironically, the discussion of the ganzfeld work in the National Academy 

Report focused on Hyman's 1985 analysis, but never mentioned the work it had commissioned 

Rosenthal to perform, which contradicted the final conclusion in the report. 
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5. A META-ANALYSIS OF RECENT GANZFELD EXPERIMENTS 

After the initial exchange with Hyman at the 1982 Parapsychological Association 

Meeting, Honorton and his colleagues developed an automated ganzfeld experiment, that was 

designed to eliminate the methodological flaws identified by Hyman. The execution and 

reporting of the experiments followed the detailed guidelines agreed upon by Hyman and 

J:[onorton. 

Using this "autoganzfeld" experiment, eleven experimental series were conducted by eight 

experimenters between February 1983 and September 1989, when the equipment had to be 

dismantled due to lack of funding. In this section the results of these experiments are 

summarized and compared to the earlier ganzfeld studies. Much of the information is derived 

from Honorton et al (1990). 

5 .1 The Automated Ganzfeld Procedure 

Like earlier ganzfeld studies, the "autoganzfeld" experiments require four participants. 

The first is the Receiver (R), who attempts to identify the target material being observed by the 

Sender (S). The Experimenter (E) prepares R for the task, elicits the response from R, and 

supervises R's judging of the response against the four potential targets. (Judging is double

blind; E does not know which is the correct target.) The fourth participant is the lab assistant 

(LA) whose only task is to instruct the computer to randomly select the target. No one involved 

in the experiment knows the identity of the target. 

Both R and S are <sequestered in sound-isolated, electrically shielded rooms. R is 

prepared as in earlie~ ganzfeld studies, with white noise and a field of red light. In a 
\ 
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non-adjacent room, S watches the target material on a television and can hear R's target 

description ("mentation") as it is being given. The mentation is also tape-recorded. 

The judging process takes place immediately after the 30 minute sending period. On a 

TV monitor in the isolated room, R views the four choices from the target pack that contains 

the actual target. R is asked to rate each one according to how closely it matches the ganzfeld 

mentation. The ratings are converted to ranks, and if the correct target is ranked first, a direct 

hit is scored. The entire process is automatically recorded by the computer. The computer then 

displays the correct choice to R as feedback. 

There were 160 pre-selected targets, used with replacement, in ten of the eleven series. 

They were arranged in packets of 4, and the decoys for a given target were always the remaining 

three in the same set. Thus, even if a particular target in a set were consistently favored by R's, 

the probability of a direct hit under the null hypothesis would remain at 1/4. Popular targets 

should be no more likely to be selected by the computer's random number generator than any 

of the others in the set. The selection of the target by the ~omputer is ~he only source of 

randomness in these experiments. This is an important 'point, and one that is often 

misunderstood. (See Utts, 1989b for elucidation.) 

Eighty of the targets were "dynamic," consisting of scenes from movies, documentaries 

and cartoons; and 80 were "static", consisting of photographs, art prints, and advertisements. 

The four targets within each set were all of the same type. Earlier studies indicated that 

dynamic targets were more likely to produce successful results, and one of the goals of the new 

experiments was to test that theory. 
,. 

The randomization procedure used to select the target and the order of presentation for 
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judging was thoroughly tested before and during the experiments. A detailed description is 

given by Honorton et al (1990, p. 118-120). 

Three of the eleven series were pilot series, five were formal series with novice 

receivers, and three were formal series with experienced receivers. The last series with 

· experienced receivers was the only one that did not use the 160 targets. Instead, it used only 

one set of four dynamic targets in which one target had previously received several first place 

ranks, and one had never received a first place rank. The receivers, none of whom had had 

prior exposure to that target pack, were not aware that only one target pac'.< was being used. 

They each contributed one session only to the series. This will be called then special series" in 

what follows. 

Except for two of the pilN series, numbers of trials were planned in advance for each 

s,eries. Unfortunately, three of the formal series were not yet completed when the funding ran 

out, including the special series, and one pilot s·tudy with advance planning w2.s terminated early 

when the experimenter relocated. There were no unreported trials during the six year period 

under review, so there was no "file-drawer". 

Overall, there were 183 R's who contributed only one trial and 58 who contributed more 

than one, for a total of 241 participants and 355 trials. Only twenty three R's had previously 

participated in ganzfeld experiments and 194 R's (81 %) had never participated in any 

p:arapsychological research. 

5 .. 2 Results 

While acknowledging that no probabilistic conclusions can be drawn from qualitative 

data, Honorton et al (1?90), included several exa~ples of session excerpts that R's identified as 
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providing the basis for their target rating. To give a flavor fo;r the dream-like quality of the 

mentation and the amount of information that can be lost by Only assigning a rank, the first 

example is reproduced here. The target was a painting by Salvador Dali called "Christ 

Crucified." The correct target received a first place rank. The part of the mentation R used to 

make this assessment read: 

11 
••• I think of guides, like spirit guides, leading me and I come into a court with a king. 

It's quiet. ... It's like heaven. The king is something like Jesus. Woman. Now I'm just 
sort of summersaulting through heaven .... Brooding .... : Aztecs, the Sun God .... High 
priest .... Fear .... Graves. Woman. Prayer .... Funeral .... Dark. Death .... Souls .... Ten 
Commandments. Moses .... 11 (Ibid, p. 120). 

Over all eleven series there were 122 direct hits in the 355 trials, for a hit rate of 34.4 % 

(exact binomialp-value = .00005) when 25% were expected by chance. Cohen's his .20, and 

a 95 % confidence interval for the overall hit rate is from . 30 to . 39. This calculation assumes, 

of course, that the probability of a direct hit is constant and independent across trials, an 

assumption that may be questionable except under the null hypothesis of no psi abilities. 

Honorton et al also calculated effect sizes for each of the eleven series and each of the 

eight experimenters. All but one of the series (the first novice series) had positive effect sizes, 

as did all of the experimenters. 

The special series with experienced R's had an exceptionally high effect size with h = 

.81, corresponding to 16 direct hits out of 25 trials (64%), but the remaining series and the 

experimenters had relatively homogeneous effect sizes given the amount of variability expected 

by chance. If the special series is removed, the overall hit rate is 32.1 % , h = .16. Thus, the 

positive effects are not due to just one series or one experimenter. 

Seventy one of the 218 trials contributed by novices were direct hits (32.5 % , h = .17), 
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compared with 51 hits in the 137 trials by those with prior ganzfeld experience (37%, h = .26). 

The hit rates and effect sizes were 31 % (h = .14) for the combined pilot series, 32.5% (h = 

.17) for the combined formal novice series, and 41.5 % (h = .35) for the combined experienced 

series. The last figure drops to 31.6% if the outlier series is removed. Finally, without the 

o:rtlier series the hit rate for the combined series where all of the planned trials were completed 

was 31. 2 % (h = .14) while it was 35 % (h = . 22) for the combined series that were terminated 

early. Thus, optional stopping cannot account for the positive effect. 

There were two interesting comparisons that had been suggested by earlier work and 

were preplanned in these experiments. The first was to compare results for trials with dynamic 

t:2.rgets with those for static targets. In the 190 dynamic target sessions there were 77 direct hits 

( 40 % , h = . 32) and for the static targets there were 45 hits in 165 trials (27 % , h = . 05), thus 

indicating that dynamic targets produced far mo.,e successful results. 

·-
The second comparison of interest was whether or not the sender was a friend of the 

receiver. This was a choice the receiver could make. If he or she did not bring a friend, a lab 

member acted as sender. There were 211 trials with friends as senders (some of whom were 

also lab staff), resulting in 76 direct hits (36%, h = .24). Four trials used no sender. The 

remaining 140 trials used non-friend lab staff as senders and resulted in 46 direct hits (33 % , h 

= .18). Thus, trials with friends as senders we.re slightly more successful than those without. 

Consonant with the definition of replication based on consistent effect sizes, it is 

informative to compare the autoganzfeld experiments with the direct hit studies in the previous 

data base. The overall su9cess rates are extremely similar. The overall direct hit rate was 

34.4% for the autoganzfeld studies and was 38% for the ~mparable direct hit studies in the 

Approved For Release 2003/04/18: CIA-RDP96-00789R003100030001-4 



Approved For Release 2003/04/18 : CIA-RDP96-00789R003100030001-4 

30 

earlier meta-analysis. Rosenthal's (1986) adjustment for flaws had placed a more conservative 

estimate at 33 % , very close to the observed 34 .4 % in the new studies. 

One limitation of this work is that the autoganzfeld studies, while conducted by eight 

experimenters, all used the same equipment in the same laboratory. Unfortunately, the level of 

funding available in parapsychology and the cost in time and' equipment to conduct proper 

experiments make it difficult to amass large amounts of data across laboratories. Another 

autoganzfeld laboratory is currently being constructed at the University of Edinburgh in 

Scotland, so interlaboratory comparisons may be possible in the near future. 

Based on the effect size observed to date, large samples are needed to achieve reasonable 

power. If there is a constant effect across all trials, resulting in 33 % direct hits when 25 % are 

expected by chance, to achieve a one tailed significance level of .. 05 with 95 % probability would 

require 345 sessions. 

We end this section by returning to the aspirin and heart attack example in Section 3, and 

expanding a comparison noted by Atkinson et al (1990, p. 237). Computing the equivalent of 

Cohen's h for comparing observed heart attack rates in the aspirin and placebo groups results 

in h = .068. Thus, the effect size observed in the ganzfeld data base is triple the much

publicized effect of aspirin on heart attacks. 

6. OTHER META-ANALYSES IN PARAPSYCHOLOGY 

Four additional meta-analyses have been conducted in various areas of parapsychology 

since the original ganzfeld i:neta-analyses were reported. Three of the four analyses focused on 

evidence of psi abilities, while the fourth examined the relationship between extraversion and 
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psychic functioning. In this section, each of the four analyses will be briefly summarized. 

There are only a handful of English-language journals and proceedings in 

parapsychology, so retrieval of the relevant studies in each of the four cases was simple to 

accomplish by searching those sources in detail and by searching other bibliographic data bases 

for keywords. 

Ea.ch analysis included an overall summary, an analysis of the quality of the studies 

versus the size of the effect, and a "file-drawer" analysis to determine the possible number of 

unreported studies. Three of the four also contained comparisons across various conditions. 

6.1 Forced-choice Precognition Experiments 

Honorton and Ferrari (1989) analyzed forced-choice experiments conducted from 1935 

to 1987, in which the target material was randomly selected after the subject had attempted to 

predict.what it would be. The time delay in selecting th~ target ranged from under a second to 

one year. Target material included items as diverse as ESP cards and automated random number 

generators. Two investigators, S.G. Soal and Walter J. Levy, were not included because some 

of their work has been suspected to be fraudulent. 

Overall Results. There were 309 studies reported by 62 senior authors, including more 

than 50,000 subjects and nearly two million individual trials. Honorton and Ferrari used z /'Vn 

as the measure of effect size (ES) for each study, where n was the number of Bernoulli trials in 

the study. They reported a mean ES of 0.020, and a mean z-score of 0.65 over all studies. 

They also reported a combined z of 11.41, p = 6.3 x 10-25• Thirty percent (92) of the studies 

were statistically significant at ex = .05. The mean ES per investigator was 0.033, and the 

significant results wer(? not due to just a few inv~stigators. 
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Qua.Iity. Eight dichotomous quality measures were assigned to each study, resulting in 

possible scores from zero for the lowest quality, to eight for the highest. They included features 

such as adequate randomization, preplanned analysis, and automated recording of the results. 

The correlation between study quality and effect size was 0.081, indicating a slight tendency for 

higher quality studies to be more successful, contrary to claims by critics that the opposite would 

be true. There was a clear relationship between quality and year of publication, presumably 

because over the years experimenters in parapsychology have responded to suggestions from 

critics for improving their methodology. 

File-drawer. Following Rosenthal (1984), the authors calculated the "fail-safe N' 

indicating the number of unreported studies that would have to be sitting in file-drawers in order 

to negate the significant effect. They found N = 14,268, or a ratio of 46 unreported studies for 

each one reported. They also followed a suggestion by Dawes et al (1984) and computed the 

mean z for all studies with z > 1. 65. If such studies were a random sample from the upper 5 % 

tail of a N(O, 1) distribution, the mean z would be 2.06. In this case it was 3.61. They 

concluded that selective reporting could not explain these results. 

Comparisons. Four variables were identified that appeared to have a systematic 

relationship to study outcome. The first was that the 25 studies using subjects selected on the 

basis of good past performance were more successful than the 2~3 using unselected subjects, 

with mean effect sizes of .051 and .008, respectively. Second, t.he 97 studies testing subjects 

individually were more successful than the 105 studies that used group testing; mean effect sizes 

were .021 and .004, res~tively. Timing of feedback was the third moderating variable, but 

information was only available for 104 studies. The 15 studies that never told the subjects what 

'-
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the targets were had a mean effect size of -.001. Feedback after each trial produced the best 

results, the mean ES for the 47 studies was .035. Feedback after each set of trials resulted in 

mean ES of .023 (21 studies), while delayed feedback (also 21 studies) yielded a mean ES of 

only .009. There is a clear ordering; as the gap between time of feedback and time of the 2.ctual 

guesses decreased, effect sizes increased. 

The fourth variable was the time interval between the subject's guess and the actual target 

selection, available for 144 studies. The best results were for the 31 studies that generated 

targets less than a second after the guess (mean ES = .045), while the worst were for the 7 

studies that delayed target selection by at le:.ist a month (mean ES = .001). The mean effect 

sizes showed a clear trend, decreasing in order as the time interval increased from minutes to 

hours to days to weeks to months. 

6.2. Attempts to Influence Random Physical Systems 

Radin and Nelson (1989) examined studies designed to test the hypothesis that 'The 

statistical output of an electronic RNG [random number generator] is correlated with observer 

intention in accordance with prespecified instructions" (p. 1502). These experiments typically 

involve RNGs based on radioactive decay, electronic noise, or pseudorandom number sequences 

seeded with true random sources. Usually the subject is instructed to try to influence the results 

of a string of binary trials by mental intention alone. A typical protocol would ask a subject to 

press a button (thus starting the collection of a fixed-length sequence of bits), and then try to 

influence the random source to produce more zeroes or more ones. A run might consist of three 

successive button presses, one each in which the desired result was more zeroes or more ones, 

and one as a control "'.ith no conscious intention: A z score would then be computed for each 
'-
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button press. 

The 832 studies in the analysis were conducted from 1959 to 1987, and included 235 

"control" studies in which the output of the RNGs were recorded but there was no conscious 

intention involved. These were usually conducted before and during the experimental series, as 

tests of the RNGs. 

Results. The effect size measure used was again z /Vn, where z was positive if more 

bits of the specified type were achieved. The mean effect size for control studies was not 

significantly different from zero (-1.0 x 10-5). The mean effect size for the experimental studies 

was also very small, 3.2 x 10-4, but it was significantly higher than the mean ES for the control 

studies (z = 4.1). 

Quality. Sixteen quality measures were defined and assigned to each study, under the 

four general categories of procedures, statistics, data, and the RNG device. A score of 16 

reflected the highest quality. The authors regressed mean effect size on mean quality for each 

investigator, and found a slope of 2.5 x 10-5 with standard error of 3.2 x l_0-5, indicating little 

relationship between quality and outcome. They also calculated a weighted mean effect size, 

using quality scores as weights, and found that it was very similar to the unweighted mean ES. 

They concluded that "differences in methodological quality are notsignificant predictors of effect 

size" (p. 1507). 

File-drawer. Radin and Nelson used several methods for estimating the number of 

unreported studies (p. 1508-10). Their estimates ranged from 200 to 1000 based on models 

assuming that all significan.t studies were reported. They also calculated the fail-safe N to be 

54,000. 
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6.3 Attempts to Influence Dice 

Radin and Ferrari (1991) examined 148 studies, published from 1935 to 1987, designed 

to test whether or not .consciousness can influence the results of tossing dice. The also found 

31 "control" studies in which no conscious intention was involved. 

· Results. The effect size measure used was z /Vn, where z was based on the number of 

throws in which the die landed with the desired face (or faces) up, inn throws. The weighted 

mean ES for the experimental studies was 0.0122 with a standard error of 0.00062; for the 

control studies the mean and standard error were 0.00093 and 0.00255, respectively. Weights 

for each study were determined by quality, giving more weight to high quality studies. 

Combined z scores for the experimental and control studies were reported by Radin and Ferrari 

to be 18.2 and 0.18, respectively. 

Quality. Eleven dichotomous quality measures were assigned, ranging from automated 

recording to whether or not control studies were interspersed with the experimental studies. The 

final quality score for each study combined these with information on method. of tossing the dice, 

and with source of subject (defined below). A regression of quality score versus effect size 

resulted in a slope of -.002, with a standard error of .0011. However, when effect sizes were 

weighted by sample size there was a significant relationship between quality and effect si~, 

leading Radin and Ferrari to conclude that higher quality studies produced lower weighted effect 

sizes. 

File-drawer. Radin and Ferrari calculated Rosenthal's fail-safe N for this analysis to be 

17,974. Using the assumption that all significant studies were reported, they estimated the 

number of unreported studies to be 1,152. As a final assessment, they compared studies 
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published before and after 1975, when the Journal of Parapsychology adopted an official policy 

of publishing nonsignificant results. They concluded, based on that analysis, that more 

nonsignifi.cant studies were published after 1975, and thus "We must consider the overall (1935-

1987) data base as suspect with respect to the filedrawer problem." 

Comparisons. Radin and Ferrari noted that there was bias in both the experimental and 

control studies across die face. Six was the face most likely to come up, consistent with the 

observation that it has the least mass. Therefore, they examined results for the subset of 69 

studies in which targets were evenly balanced among the six faces. They still found a significant 

effect, with mean and standard error for effect size of 8.6 x 10-3 and 1.1 x 10-3, respectively. 

The combined z was 7.617 for these studies. 

They also compared effect sizes across types of subjects qsed in the studies, categorizing 

them as unselected, experimenter and other subjects, experiment~r as sole subject, and specially 

selected subjects. Like Honorton and Ferrari (1989), they found .the highest mean ES for studies 

with selected subjects; it was approximately .02, more than twice that for ~nselected subjects. 

6.4 Extraversion and ESP Performance 

Honorton, Ferrari and Bern (1990) conducted a meta-analysis to examine the relationship 

between scores on tests of extraversion and scores on psi-related tasks. They found 60 studies 

by 17 investigators, conducted from 1945 to 1983. 

Results. The effect size measure used for this analysis was the correlation between each 

subject's extraversion score and ESP score. A variety of measures had been used for both 

scores across studies, so various correlation coefficients were used. Nonetheless, a stem and 

leaf diagram of the c9rrelations showed an approximate bell shape with mean and standard 
\ 
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deviation of .19 and . 26, respectively, and with an additional outlier at r = . 91. Honorton et 

al reported that when weighted by degrees of freedom, the weighted mean r was .14, with a 

95% confidence interval covering .10 to .19. 

Forced-choice versus Free-response Results.· Because forced-choice and free-response 

tests differ qualitatively, Honorton et al chose to examine their relationship to extra version 

separately. They found that for free-response studies there was a significant correlation between 

extraversion and ESP scores, with mean r = .20 and z = 4.46. Further, this effect was 

· homogeneous across both investigators and extraversion scales. 

For forced-choice studies, there was a significant correlation between ESP and 

extraversion, but only for those studies that reported the ESP results to the subjects before 

measuring extraversion. Honorton et al speculated that the relationship was an artifact, in which 

extraversion scores were temporarily inflated as a result of positive feedback on ESP 

performance. 

Confinnation with New Data. Following the extraversion/ESP meta~analysis, Honorton 

et al attempted to confirm the relationship using the autoganzfeld data base. Extraversion scores 

based on the Myers-Briggs Type Indicator were available for 221 of the 241 subjects who had 

participated in autoganzfeld studies. 

The correlation between extraversion scores and ganzfeld rating scores was r = .18, with 

a 95 % confidence interval from .05 to .30. This is consistent with the mean correlation of r = 

.20 for free-response experiments, determined from the meta-analysis. These correlations 

indicate that extraverted su~jects can produce higher scores in free-response ESP tests. 
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7. CONCLUSIONS 

Parapsychologists often make a distinction between "proof-oriented researchN and 

"process-oriented research." The former is typically conducted to test the hypothesis that psi 

abilities exist, while the latter is designed to answer questions about how psychic functioning 

works. Proof-oriented research has dominated the literature in parapsychology. Unfortunately, 

many of the studies used small samples and would thus be nonsignificant even if a moderate

sized effect exists. 

The recent focus on meta-analysis in parapsychology has revealed that there are small but 

consistently nonzero effects across studies, experimenters, and .:laboratories. The size of the 

effects in forced-choice studies appear to be comparable to those reported in some medical 

studies that had been heralded as breakthroughs. (See Section 5, and Honorton and Ferrari, 

1989, p. 301.) Free-response studies show effect sizes of far greater magnitude. 

A promising direction for future process-oriented resear9h is to examine the causes of 

individual differences in psychic functioning. The ESP/extraversion meta-~alysis is a step in 

that direction. 

In keeping with the idea of individual differences, Bayes and empirical Bayes methods 

would appear to make more sense than the classical inference methods commonly used, since 

they would allow individual abilities and beliefs to be modelleo. Jeffreys (1990) reported a 

Bayesian analysis of some of the RNG experiments, and showed: that conclusions were closely 

tied to prior beliefs even though hundreds of thousands of trials were available. 

It may be· that the ~onzero effects observed in the meta-ranalyses can be explained by 

something other than ESP, such as shortcomings in our understanding of randomness and 

\ 
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independence. Nonetheless, there is an anomaly that needs an explanation. As I have argued 

elsewhere (Utts, 1987) research in parapsychology should receive more support from the 

scientific community. If ESP does not exist, there is little to be lost by erring in the direction 

of further research; which may in fact uncover other anomalies. If ESP does exist there is much 

to be lost by not doing process-oriented research, and much to be gained by discovering how 

to enhance and apply these abilities to important world problems. 
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Ill MAIN-STREAM PUBLICATIONS 

One measure of the acceptance of anomalous mental phenomena as a valid area for investigation is the 

degree to which research papers appear in the main-stream scientific literature. The reports in this 

section have been selected because they are a representative sample of such papers. 

The number that appears in the upper right-hand corner of the first page for each publication is keyed 

to the following descriptions: 

9. Torg, R. and Puthoff, H. E., "Information Transmission Under Conditions of Sensory Shielding," 
Nature, Vol. 252, pp. 602-607, (October, 1974). Torg and Puthoff describe a series of experiments 
with selected individuals, including Mr. Uri Geller, and introduce an anomalous cognition 
technique called remote viewing. The paper also includes a pilot experiment to investigate the 
effects of anomalous cognition on the alpha rhythms in the brain. 

10. Puthoff, H. E. and Torg, R., ''A Perceptual Channel for Information Transfer over Kilometer 
Distances: Historical Perspective and Recent Research," Proceedings of the IEEE, Vol. 64, No. 3, 
pp. 329-354, (March, 1976). Puthoff and Torg provide a historical review of the pertinent 
literature and describe over 50 remote viewing (i.e., anomalous cognition) trials. The paper also 
includes representative examples of remote viewing. 

11. Jahn, R. G., "The Persistent Paradox of Psychic Phenomena: An Engineering Perspective," 
Invited Paper, Proceedings of the IEEE, Vol. 70, No. 2, pp. 136-170, (February, 1982). Jahn 
describes a replication of remote viewing and extends the distance to over 10,000 kilometers. In 
addition to an independent overview of parapsychology, Jahn also includes descriptions of a 
number of anomalous perturbation experiments. 

12. Child, I. L., "Psychology and Anomalous Observations: The Question of ESP in Dreams," 
American Psychologist, Vol. 40, No. 11, pp. 1219-1230, (November, 1985). Professor Child, the 
then Chairman of the Psychology Department at Yale University, provides a critical review of the 
anomalous cognition dream studies conducted at Maiman.ides Medical Center in the early 1970's. 
Professor Child warns the general psychological research community not to dismiss the body of 
research and suggests that it should be of wide interest to them. 

13. Atkinson, R. L, Atkinson, R. C., Smith, E. E., and Bern, D. J., Introduction to Psyclwlogy, 10th Edition, 
pp. 234-243, Harcourt Brace Jovanovich, New York, (1990). Professor Bern induded anomalous 
cognition in a chapter on consciousness and its altered states in a widely-used introductory text in 
psychology. Bern provides definitions of terms, a review of the experimental evidence for anomalous 
cognition, an analysis of the debate over the evidence, and a review of the anecdotal evidence. 

14. Walker, E. H., May, E. C., Spottiswoode, S. J. P., and Piantanida, T., "Tosting Schrodinger's 
Paradox with a Michelson Interferometer," Physics B, Vol. 151, pp. 339-348, (1988). While not 
directly related to anomalous mental phenomena, this paper describes an experimental test to 
determine if consciousness is a necessary ingredient for determining physical reality. The authors 
conclude that is it not, and thus, this result has implications for anomalous perturbation research. 

15. Hyman, R., "Parapsychological Research: A Tutorial Review and Critical Appraisal," Invited 
Paper, Proceedings of the IEEE, Vol. 74, No. 6, pp. 823-849, (June, 1986). Dr. Hyman is a Professor 
of Psychology at the University of Oregon in Eugene and has been a long-time critic of and 
commentator on the field of parapsychology. Hyman reviews the historical experiments and 
provides a critical analysis of the current research. 
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Information transmission under 
conditions of .se~ry shielding· _ 
WE ·p~ent results of experiments s:uggesting the ex.istence of 
one or more perceptual. modalities through which individuals 
obtain information about ·their environment,' .although this 
.infonnation.is not presented .to any .known :sense. The litera
.tureM :and our observations lead .us to conclude that such 
.abilities can be studied under laboratpry .conditions. 

We have investigated the ability of certain people to describe 
graphical material .or remote scenes shielded against ordinary 
perception. ln addition, we performed pilot studies to determine 
if electroencephalographic (EEG) recordings might indicate 
perception of remote happenings ev~n in the absence of correct 
overt responses. 

We concentrated on what we consider to be our primary 
responsibility-to resolve under conditions as unambiguous 
as possible the basic issue of whether a certain class of para· 
"Dormal perception phenomena exists. So we conducted our 
.experiments with sufficient control, utilising visual, acoustic 
and electrical shielding, to ensure that all conventional paths of 
sensory input were blocked. At all times we took measures to 
prevent .sensory leakage and to prevent deception, whether 
intentionai or unintentional. 

Our goal is not just to catalogue interesting- events, but to 
uncover patterns of cause-effect relationships that lend them· 
selves to analysis. and hypothesis in the forms with which 
we are familiar in· scientific study. The results presented here 
constitute .a ·first step towar4l that goal; we have established 
under known conditions a data bas~ from which departures as a 
function of physical and psychological variables can be studied 
in future work. 

REMOTE .PERCEPTION OF GRAPHlC MATERIAL 
First, we conducted experiments with Mr Uri· Geller in 

which we examined his ability, while located in .an electricall~ 
shielded room, to reproduce t.argit pictures drawn by expen· 
menters -located at remote locatipns. Second, we conducted 
double-blind experiments with Mr Pat Price, in which WC 
measured his .ability to describe remote outdoor scenes manY 
miles from bis physical location.· Finally, we conducted pre-
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1irninary tests using EEGs, in which subjects were asked to 
perceive whether a remote light was flashing, and to determine 
whether a subject could perceive the presence of the light, 
even if only at a noncognitive level of awareness. . 

In preliminary testing Geller apparently demo~tratcd an 
ability to reproduce simple pictures (line drawings) ,which had 
been drawn a.nd placed in opaque sealed envelopes which be 
was not.permitted to handle. But since each of the targets was 
l(nown to at least one experimenter in the room with Geller, 
it was not possible on the basis of the preliminary testing to 
discriminate between Geller's direct perception of envelope 
contents and perception through some mechanism involving 
the experimenters, whether paranormal or subliminal. · 

So we examined the phenomenon under conditions designed 
to eliminate all conventional information channels, overt or 
subliminal. Geller was separated from both the target material 
and anyone knowledgeable of the material, as in the experiments 
of ref. 4. 

In the.first pan of the study a series of 13 separate drawing 
experiments were carried out over 7 days. No experiments 
arc deleted from the results presented here. 

At the beginning of the experiment either . Gcller or the 
experimenters entered a shielded room so that from that time 
forward Geller was at all times visually, acoustically and 
electrically shielded from personnel and material at the target 
location. Only following Geller's isolation from the experi
menters was a target chosen and drawn, a procedure designed 
to eliminate pre-experiment cueing. Furthermore, to eliminate 
the possibility of p~xperirnent target forcing. Geller was kept 
ignorant as to the identity of the person selecting the target 
and as to the method of target selection. This was accomplished 
by the usc of three diiferent· techniques: (1) pseudo-random 
technique of opening a dictionary arbitrarily and choosing the 
first word that could be drawn (Experiments 1~); (2) targets, 
blind to ~perimenters and su'\)ject, prepared independently by 

~..,," . ·- -P.Y'\ 
~~D 
'~t~~ ; . : -e:i~t·-

:,.' IIESl"OHU 2 

a 

. ,: -e-

TAIIOET 

'· 

SRI scientists out5ide the experimental group (followin; 
µcller's isolation) and provided to the experimenters durin1 
the course of the experiment (Experiments 5--7, 11-13); and (3 
arbitrary selection from a target pool decided upon in advanc1 
of daily experimentation and designed to pro~de data concern 
ing information content for usc in testing specific hypothese: 
(Experiments S-10). Geller's task was to repro<luce with pc~ 
on paper the line drawing generated at the target location 
Following a period of effort ranging from a few minutes tc 
half an hour, Geller either passed (when he. did not feel con1 
fident) or indicated he was ready to submit a drawing· to thu 
experimenters, in which case the drawing wa.s collected befor
_Geller was permitted to so: the target 

To prevent $CO.SOI)' cueing of the u.rget information. Experiment: 
1 through 10 were carried out using a shielded room in SR1's facilit· 
for EEG ~. The acoustic and visual isolation is provide 
by a double-walled steel room, locked by means of an inner ani 
outer door, each of which is =red. ,,,,;th a refrigerator-type lockin1 
mechanism. FolloWID.i target selection when ~Iler was insid 
the room, a oc»-way audio monitor, operating only from the insid 
to the outside, was activated to monitor Geller during his effort!! 
The target picrure was never discussro by the experimenters after th, 
picture wa.5 drawn :.nd brought n= the mielded room. In ou 
detailed examination of the mielded room and the protocol used ii 
th~ experiments, no sensory leakage has been found. 

The conditions and results for the 10 experiments carried out in tr: 
shielded room are displayed in Table I and Fig. 1. All experimen; 
except 4 and 5, were conducted with Geller inside the shielded roorr: 
In Experiments 4 and 5, the procedure was reversed. For tbos: 
experiments in which Geller was inside the shielded room, the targc: 
location was in an adjacent room at 1. distance of about 4 m, excep 
for Experiments 3 and 8, in which the tan;et locations were, respe<: 
tively, an office at a distance of 475 m and a room at a distance c: 
about 7 m. 

Aresponse was obtained in all experiments c:,;cept Nlrmbcr-
5-7. In Experiment 5, the person-to-person link was eliminate' 
by arranging for a scientist outside the usual experirnenw 
gronp to draw a picture, lock it in the shielded room bcfor1 
Geller's arrival at SRI, and leave the area.. Geller was then k, 

C 

TMOET 
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Expenment Da1f . Geller Location TargetLocauon . - Target ; . Figure 

la 
lb 
Jc 
ld 

I 
2 
3 
4 

(month,.day, year) 
8/4(73 
8/4(73 
8/5(73 

.Shielded room l • 
Shielded room J ·. 
Shielded room l · 
Room adjacent ·10 
shielded room l 
Room adjacent to 
shielded room l 
Shielded room 1 
Shielded.room ·1 
Shielded room 1 
Shielded room l 
Shielded room l 
Shielded room 2.t 
Shielded room 2 
Shielded room 2 

A~t room (4.1 m)t 
Adjacent room (4.1 m) 
Officc.(475 m) 

F.rrccracker . 
Grapes. 
Devil 
Solar system. 8/5(13 Shielded room 1 

.. (3.2.m) . 
5 8/6(/3 Shielded room I Rabbit 

Tree 
Envelope 
C'.amel 
.Bridge 
Seagull 

No drawing 

No drawing 
No drawing 

(3.2 m) 
6 
7 
8 
9 

8(7(73 
8(7(13 
8/8(/3 
8/8(/3 

Adjacent room (4.1 m) 
Adjacent room (4.1 m) 
.Remote room (6.75 m) 
Adjacent room (4.1 m) 

.J e 
1/ 
lg JO 8/8(73 

11 8/9(13 
12 8/10/73 
13 8/J0/73 

· Apjacent room (4.1 m) 
Computer (54 m) 
Computer (54 rn) 
Computer (54 n:i) 

Kite (co\'l'lputer CRD 
Oiurch (ccrnputer memory) 
Arrow through heart 
(comp_ut~r CRT, zero 

·2a 
2b 
2c 

0 EEG Facility shielded room (see text). 
tPerceiver-arget distances measured in merres. 
:tSRI Radie Systems Laboratory shiel~ room (see text). 

by tM exper'.menters to the -shielded room an'd asked to draw 
the picture located mside tbe room. Be said that he got no dear 
impression a:id therefor~ did not Sl!bmit a drawing: The elimina
tion of the person-t~person link was examined further in the 
~nd series of experiments with this subject. . . . 

Experiments 6 and 7 were carried out while we attempted to 
record GeUer's EEG during his efforts to perceive the target 
pictures. Tne ta.rget pictures were, respectively, ·a tree and an 
envelope. He found it difficult to hold adequately still for good 
EEG records, said .that be experienced difficulty in getting 
impressions cif the targets and again ·submitted no drawin.gs. 

Experiments 11 thr~ugh 13 were -carried out in SRI's Engip
oering Building, t.o make use of the computer facilities ava,ilable 
there.. For these experimenters; Geller was secured in ·a double
·Walled, copper-screen Faraday cage ·54 m down the hall .and 
around the corner frqrri the computer room. The Faraday ·cage 
provides 120 dB attenuation for plane wave radio· frequency 
radiation over a range of 15 kHz to I GHz.. For magneiic fields 
the attenuauon is 68 dB at 15 kHz and decreases· to 3 dB at 
60 Hi.. Following Geller's isolation, the targets for these 
experiments were chosen by computer laboratory personnel 
not otherwise associated with either the experiment or Geller, 
and the experimenters and subject were kept blind as to the 
contents of the target . pool. 

For Experiment 11, a picture of a kite was drawn on the face 
of a cathode ray tube display screen, driven by the computer's 
graphics program. For Experiment 12, a picture of a church 
was drawn and stored in the memory of the computer . .ln 
E.xperimeni 13, the 'target drawing, an arrow through a heart 
(Fig. 2.f), was drawn on the face of the cathode ray tube and 
then the display intensity was turned off so that no picture 
was visible. 

To obtain an independent evaluation of the correlation be
tween targei and response data, the experimenters ·submitted 
the data for judging on a 'blind' basis by two .SRI scientjsts 
who were not otherwise associated with the research. For the 
l O cases in which Geller provided a response, the judges were 
asked to match the response data with the corresponding 
target data (without replacement). In tho~ cases in which 
Geller made more than one drawing as hi.s response to :the 
target, all the drawings were combined as a set for judging. 
Tbe two judges each matched the target data. to the response 
data with no error. For either judge such a correspondence has 
an a priori probability, under the null hypothesis of no in-
formation channel, of P = (JO!)·l = 3 x 10-,. · 

1ntenmy} . 

.envelopes contallllIJg black 'cardboard. The hundred targets 
were divided randomly into groups of 20 for use in each of the 
three days' experi.rpents. 

On each of the three days of these experiments, Geller passed. 
That is, he declmed .to associate any envelope with a drawing 
that he made, expressing dissatisfaction with the existence of 
such a large target pool. On each day he made approximately l 2 
r.ecognisable drawings, which he felt were associated with the 
entire target pool of l 00. On each of the three days, two of his 

· drawings could reasonably t¥ associated with two of the 20 
daily targets. On the third day, tWC> of his drawings were very 
close replications of two of. that day's target pictures. The 
drawings resulting from this cxperimen\ do not depart signific
antly from what would be expected by chance. 

In a simpler _experiment G'eller was successful in obtaining 
information under conditions in which no.persons were know
ledgeable of the target. A double-blind experiment was per, 
formed in which a single 3/4 inch die was placed in a 3 x 4 x 5 
inch s"tcel box. °The box was then vigorously shaken by one of the 
experimenters and placed on'. the table, a technique found in 
control runs to produce a distribution of die faces ·differing non
significantly·from ·chance. The odentation of the die within the 
box was unknown 10 the experimenters at that time. Geller 
would then write down which die face was uppermost. The 
target Pool was .known, but tpe targets were individually pre
pared in a manner blind to all pe~sons involved in the experi
ment. This experiment was performed ten times, with Geller 
passing twice .anp giving a response eight times. In the eight 
times in which he gave a response, he was correct each time. 
The distribution of responses consisted of three 2s, one 4, tw_o 
5s, and two 6s. ~e probability of this occurring by chance IS 

approximately one in JO'. . 
· In cer\,ain ·situations significa,nt infonnation transmission can 
take place under shielded conditions. Factors which appear to 
be important and therefore candidates for future investigation 
include whether the subject knqws the set of targets in the target 
Pool, the actual number of targets in the target pool at any 
given time, and whether the target is known by any of the 
experimenters. : 

It has been widely reported that Geller has demonstrated the 
ability to bend metal . by parahormal means. Although metal 
bending by Geller has been obs¢rved in our laboratory, we have 
not been able to combine such observations with adequately 
controlled experiments to obtain data sufficient to support the 
paranormal hypothesis. 

A second series of experiments was carried out ·to determine 
whether di1cct perception of envtjope contents was possible ·REM01E VIEWING 0~ NATURAL TARGETS 

. with.out some person knowing of the target picture. . A study by Osis' led us to de~ennine whether a su.,ject could . 
One hundred target pictures of.everyday objects were drawn describe randomly chosen geographical sites located several 

by a.n SRI mist and· sealed QY other SRI personnel in double miles from the subject's posi\ion and demarcated by some 
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appropriate means (remote- viewing),, This experiment carried the experimenters and the subject were kept blind as to the 
o_uc wiK1,,,.:(n<m,~Jmr~Wmi~n5t>~~i:.lfflpgs~B5~~~b~1ffifffJ'cftYo1~)ich were used without rcplace-
c1tY co'u'Kdflnan, cons1ste&''8Fa s"'e?l~'6't'tl'oi'.i]1e'-~lih~'~mon-ment · , . · · . 
st.ration-of-ability tests involving local_ targets in the San An experimenter was closeted wilh Price at SRJ to wait 30 inin to 
Francisco Bay·area which could be documented by several inde- begin_ the- iiarrati~ descripti<;>n of,_ lhe remote location. The SRl 

· · w I ~-' h · · · · · Jocatloas fr.om which the subJect viewed the remote locauoas con--
pendent Judges'. . e. ·P ann= t e expei:ment C?nsidenng that sisted of an outdoor. park (Experiments I. 2), the double-walled 
natural geographical places or. man_-made sltes that have copper~recn Faraday cage .discussed earlier (Experiments 3, 4°, and 
eXisted for a: Jong time are more potent targets for·paranormal 6-9); and an office (Experirmnt 5). A second c.-r:perimenter would then 
perception experiments than are artificial targets prepared iii the obtain. a targe{ loca~on from_ the Division J?i~tor from a: .set of 
I boratory This is based on subject opinions that the use of travelling orders pi:eviously prepared and randomt~ by the Dm:ctor 
a . . - · . · , . . . . . . , . and kept under his control. The target dernarcauon team (two to 
artificial targets mvo.lves a tnYlallsauon of the ability as com- four SRl e;,;perimentcrs) then -proceeded directly to the target by 
pared with natural pre-exist~g- targets. autof!l~bile wi!hout ~mrnunicati~g with the ru?i?Ct or. experim~ter 

In each of nine experiments involving. Price as subject and rernrurung l><:htI?d. Since the expenmenter rctI:3-1rung WHh the subJect 
; - . _ at SRl was 1n ignorance-both as to the pa.rocular target and as to 

SRI _expe1:-111enters as_ a target_ dem.arcauon team, ~ remote the. target pool, he Wi..5 free to question Price to clarify his descrip-
Jocat1on. was· chosen m a double-blind protocol. Price, who tions. The demarcation team then remained at the ·target site for 
remained at SRI, was asked to describe this remote location as 30 min after the 30 min allotted .for travel. During the obs<:rvation 
well as whatever. activities might be going on ihere. ' period. the i;cm?te-viewirig subject would descriJ:>e his impressions of 

. . · . . . ' the target stte mto a-tape recorder. A companson was lhen made 
Several descnpt1ons yielded significantly correct data per- when the demarcation team returned. '· 

mining to and descriptive of the target location. Price's ability to describe correctly buildings, docks, roads, 
In the experiments a set of twelve target locatioris clearly gardens and so ob,· including structural materials, colour, 

differenti·ated from each other and within 30 min driving time ambience and activity, sometimes in great detail, indicated the 
from SRI haci been chosen from a target-rich enviroruuent(more functioning of a remote pe;t;eptual ability. But the descriptions 
than JOO targets of the type used in the experimental series) contained inaccuracies as well as correct statements. To obtain 
prior to th~ experimental series by an individual in SRI manage- a numerical evaluation of the accuracy of the remote viewing 
rnent, the director of _the Infonnation Science and Engineering experim~nt, the experimental. results were subjected to inde-
Division,. not otherwise associated with the experiment. Both pendent judging on a blind basis by five SRI scientists who were 

.. 
. . .. . 

TARGET 

TARGET 

'": .··. ·.,·ti.·,' .. .. ,. 

;t_::. .•. JIIESl'ONSE t 

II E.Sl'ONSE. 2: 

a b 
.. '; 

\ . . 

TARGET" 

0 
~-

. ~ . . . . :. - ,. : .. . . 

• . .:. II Es,,oNSE. t · .. ~ 

. . :1.: 

. ·, ~Ul'OHSE 2 

Fig. l, Computer drawings 11.nd responses drawn by_ Uri Gell~. a. Computer drawing stored on vi~ display; b; coi:npaier'd.nwi~.storcd:b 
. computcr.~ory _ only;. c... computer drawing stored.· on, vid.co-displ11.y .with-i.ero-_intemity;_ . ·: · _ · · · · -
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Table '.2. Distribution of correct selc,:tions by judges A, B, C, D, and E in remote viewing cxixr.me-nts 
-.P,AtEp>ep-AFO~\M:'eK:1dHFF=-40:HF=-tR~e~leeaa-lS~e~2~0<110:t<.3~!0tt<4tt,1-t<18&7: -1i::aC.wl.O'\-.... R .... o ..... P~9H:16>-10;tt0H7-e8>iJ9f"iiR:V01;1,0Ja-;~H0f'-0~0<v3tl'00~0rr1i--t--4 --------~ 

. Descriptions chosen by judges 
1 2 3. 

Hoover Tower l ABCDE 
B.aylands Nature.Preserve 2 .ABC E 
RacUo Telescoix 3 ACI) 
Redwood City Marina 4 CD 
Bridge Toll Plaza :5 
Drive--ln Theatre 6 13 
Arts and Crafts Garden Plaz:a 7 
Church 8 
Rinconada Park 9 CE 

Places vi$ited by judges 
4 : 5 6 

D 

BE 
ABDE E 

ABD 
A C 

C 

7 8 

D 

DCE 

ABC£ 
AB 

9 

D~ 

E 

Al 

Of the 45 selections (5 judges, 9 choices), 24 were correct. Bold type indicates the description chosen most often for e.ach plaei:: visited. ec=:-: 
choices lie on the main diagonal. The munberof correct matches by Judges A through Eis 7, 6, 5, 3, and 3, respectively. The expected nu , 
of correct matches from the five judges was five; in the experiment 24 such matches were qbtained. The a priori proba~ility of such an occur~ .. , 

by chance, conservatively assuming assignment without replaet:rnent on the part of the judges, is P = 8;] 0· 1•. 

not otherwise associated v.rith the research. The judges were 
asked to match the nine locations, which they independently 
visited, against the typed manuscripts of the tape-recorded nar- · 
ratives of the Temote viewer. 1be transcripts were unlabelled 
and presented in ritndom order. The judges were asked to find a 
narrative which they Would consider the best match for each 
of the places they visited. A given narrative could be assigned 
to more than one target location. A correct match requires that 
the transcript of a given date be associated with the target of 
that .date. Ta,ble 2 shows the distribution of the judges' choices. 

Among all possible analyses, the most conservative is a per
mutation analysis of the plurality vote of the judges' selections 

. assuming assignment without replacement, an approach inde
pendent of the number of judges. By plurality vote, six of the 
nine descriptions and locations were correctly matched. Under 
the null hypothesis (no remote viewing and a random selection 
of descriptions without replacement),: this outcome bas an a 
priori probability of P = ·5.6 x 10-{, since, among all possible 
permutations of the integers one through nine, the probability 
of six or more being in their naturaJ position in the list has that 
value. Therefore, although Price's descriptions contain in
accuracies, ·the aescriptions a.re sufficiently accurate to permit 
the judges to differentiate among the various targets to the 
degree indicated. 

EEG EXPERIMENTS 
An experiment was undertaken 1:0 detemiine whether a 

physiological measure such as EEG activity could be used as an 
indicator of information transmission between an isolated 
subject and a remote stimulus. We hypothesised that perception 
COUfd be indicated by such a measure even in the absence of 
verbal or other overt indicators.'·? .. 

It was assumed that the application of rcinot~ stimuli would 
result in responses similar to those obtained under conditions 
of direct stimulation. For cxampl~, wberi normal subjects are 
stimulated with a flashing light, their EEG typically shows .a 
decrease in the amplitude of the resting rhythm and a driving 
of the brain waves at the frequency of the flashes'. We hypothe
sised that if we stimulated one subject iri this mamier (a sender), 
the EEG of another subject in a remote room v.rith no flash 
present (a receiver), might show changes in alpha (9-11 Hz) 
activity, ·and possibly EEG driving similar to that of tlic sender. 

We informed our subjc:ct that at certain times a light was to 
be ~bed in a sender's eyes in a distant room, and if the subject 
perceived that event, consciously or unconsciously, it might be 
evident from i::banges in his EEG output. The receiver was 
seated in the visually opaque, acousticaUy. and elcctrica.lJy 
shielded dotiblo-walled steel room previously described. The 
sender was seated in a room about 7 m from the receiver. · 

J:'o find subjects who were respqnsivc to such a remote 
sf:imulus, we initi(11Jy worked with fo'ur Jemale and two male 
volwitcer subjcx:ts, all of whom believed that success in the 
experimental situation might be polSi~lc. These were·dcs.ignated 

'r~ivers'. '.Inc senders were either other subject.S or .l 
experimenters. We decided beforeha.,d to run one or t\l. 

sessions of 36 trials each with each subject in this sele-'c 
procedure, and to do .a more extensiv:: study with any s,:-~ 
whose TCSults were positive. 

A Grass' PS-2 photostimiilator placed ;.bout I rn in front of t 
sender was use.d to present flash train.s of 10 s duration. The rec:ti:a 
EEG tctivity from the occipital region (Oz), referenced to F: 
mastoids, was amplified with a Grass SP-I ;,re.amplifier and asso t 
driver amplifi~r with a bandpass of 1-120 Hz.. The EEG data w: 
recorded on magnetic tape with an Ampex SP 300 recorder. 

On each trial, a tone burst of fixed freq~ncy was presented tQJ:,o 
sender and rec;eiver and was followed in enc second by either -( 
train of flashes or a null flash interval prts-.."7\ted to the sender. T ·1 
six such trials were given in an experimen:..al session, consisting v, 

null trials-no,flashes following the tone-: 2 trials offlashes at 6 f.p 
and 12 trials of flashes at 16 f.p.s., all ra.'1domly intermixed, .d.w 
mined by entries from a table of random numbers. Each of the-i, 
generated an 1 l~s EEG epoch. The last 4 s of the epoch was se· t 
for analysis to minimise tiie desynchronising action of the w.., ,.i 

. cue. This 4-s segment was subjected to Fo~rier .analysis on a LINC 
computer. 

Spectrum aiµlyses gave no evidence ofEG driving in any~~ 
although in c;ontrol runs the receivers did exhibit driving - , 
physically stimulated with the flashes. Bu: of the six subjects sl ..... i 
initially,onesubject (H. H.) showed a consistent alpha ble<:king efie 
We therefore undenook further study with this subject. ·, _ 

Data from seven sets of 36 trials cacl: were collc:cted frortl 
subject on three separate days. This com;:rises all the data col=:-t 
to date with this subject under the test conditions described .;-.:;;:i, 
The alpha bal).d was identified from avenge spectra, then scores 
average powet and peak ·power were obtained from individual.U;i, 
and subjected to statistical analysis. · =: 

Of our six ~ubjects, H. H. had by far the most monochro_r 
EEG spectrum. Figure 3 shows an overiay of the three averag, 
spectra from one of this subject's 36-trial runs, displayi 
changes in her alpha activity for the three stimulus condC>I 

Mean vaiues for the average power and peak power fo1_)-' 

Ta.bk 3 EEG data for H.H. showing average power and peak:.=;.,. 
in the 9-11 Hz band, as a function of Hash frequency and ~~ 

Fla.sh 
Freq llCllcy Q 6 16 0 6 16 
Sender A\.'erage Power Peak Power ~ 

J'.L. 94.8 84.1 76.8 357.7 329.2 289.6 
R.T. 41.3 45.5 37.0 160.7 161.0 125.0 
No sender 
(subject · , = informed) 25;.l 35.7 28.2 87.5 95.7 81.? 
J'.L. 54'.2 .55.3. 44.8 191.4 170.S 149.3 
J.L. 56'.8 50.9 32.8 240.6 178.0 ]04.6 
R.T. 39:.8 24.9 30.3 145.2 74.2 122.l 
No sender 
(subject -
not 86 .. 0 53.0 52.1 318.1 180.6 202.3 
informed.) 
Averages 5~.8 49.9 43.1 

712%-24%(P<0.04) 
214.5 169.8 153.5 

-21 %-28XCP-:__'10 

;Each entry is an average over 12 trials . . 
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of th~!t]~~<tD~1~~(51'\~~S 3 .. A,n.~)\lfi, J?i,~gw~J.i5,.jij l1cf~.-ol so-called pa~normal phenomena can 
rneasurfs were less in the' lo tp.s. casdoanuii'i' t~e O t'~'.s. -~'irr 96 ~ 's8~Hrl'lt ~d~Qi1-4nd It IS our hope that other 
seven peak power· measures and in six out of seven average laboratories will initiate additional research to attempt to 
power measures. Note also the reduced effect in the case in replicate these findings. . 
which the subject was informed that no sender was present This research was sponsored by The Foundation for Parasen-
(Run 3). It seems that overall alpha production was reduced sory Investigation, New York City. we· thank Mrs Judit.r. 
for th.is run in conjunction with the subject's expressed appre- Skutch, Dr Edgar D. Mitchell of the Institute of Noetic 
hension about conducting the experiment without a sender. Sciences-as well as our SRI associates, Mr Bonnar Cox 
This is in contrast to the case (Run 7) in which the subject was Mr Earle Jones and Dr Dean Brown-for support anc 
not informed. · encouragement. Constructive· suggestions by Mrs Jean Mayo 

Siegel's two-tailed I appro)'.jination to the nonparametric randomi- Dr Charles Tart, University of California, and Dr Rober 
sati?a t~t' w~ applied to the data from all sets, which included t_wo Ornstein and Dr David Galin of the Langley Porter Neuro-
sesstons m which the sender was removed. Average power on tnals hia' • Ins · kn wl dge<l 
associated with the occurrence of 16 f.p.s. was significantly less than psyc me t1tute are ac o e · 
when there were no flashes .(1 = 2.09, d.f. = 118, P<0.04). The RUSSELL TARO 
second measure, peak power, was also significantly less in the 16 f.p.s. HAROLD PtrrnoFF 
conditions than in the null conrution (I= 2.16, d..f. = 118, P<0.03). 
The average respo= in the 6 f.p.s. condition was in the same rurec
tion as that associated with 16 f.p.s., but the effect was not statistically 
significant. 

Spectrum analyses of control recordings made from saline with a 
12 Hl resistance in place of the subject with and without the addi
tion of a 10 Hz, 50 µV test signal applied to the saline solution, 
revealed no indications of flash f~uencies, nor perturbations of the 
10 Hi. signal. These controls suggest that the results were not due to 
system artefacts. Further tests also gave no evidence of radio fre-
quency energy associated with the stimulus. · 

Subjec.ts were asked to indicate iheir conscious assessment for each 
trial as to which stimulus was generated. They made their guesses 
known to the e;,;perirnenter via one-way telegraphic communication. 
An analysis of thes¢ guesses has shown them to be at chance, in
dicating the absence of any supra!iminal cueing, so arousal as -evid
enced by significant alpha blocking occurred only at the noncogn.itive 
level of awareness. 

We hypothesise that the protocol described here may prove to be 
useful as a screening procedure for latent remote perceptual ability 
in the general population. 

. o 

6 

16 

.... ·s·
1

Hi . 10.Hz .. ·. JS.Hz . 

Fig_. 3 Occipital EEG spectra, 0-io Hz, ror'.~~~s~bj~(lf .. i) ·. 
acung as receiver, showing amplitude changes.in the 9-11 Hz 
banc;l as a function of strobe frequency. Three cases: 0, 6, and 16 . 

· .· . · .f.p.s~(l2 trial averages) .. _'.: . : · 

. CONCLUSION · . 
From these experiments. we conclude that: . .· 

•A channel exists wherebyinfomiation aboutaremotelocation 
can be_obtained by means_ofan as yet unidentified perceptual 
modality.: · · . . ,. . · ·· ·. < · ··. .. · 

• As wi1h. all biological.. systems, the information channel 
appears to ~- i?1perfcct, containing noise- along witb··the 
s1gnaL ...• ·. .· . . 

•While a quantitative signal-to-noise ratio in the:information
theoretical sense cannot as yet be determined, the- results of 
our cxpe~ents indie3:te·that the functioning is at the level 
of useful mfonnation transfer.. ·. . . 

. It may be that remote perceptual" ability is widely distributed 
1n the general population, but.because the perception is generally 
bcl~w a.11 individual's !eve.I of awareness, it is repressed or not: 
noticed.. J?"or cxamp)e, two of our subjects (H. H. and P. P:) .had. 
not considered themselves to have unusual. perceptual ability 
before their participation· in these.experiments." : .. ·' .· · 
. Our observation ·of the phcn~mena leads us to .conclude that' i 
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A Perceptual Channel for Information Transfer 

over Kilometer Distances: Historical Perspective 
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Abstract-For more than 100 years, scientists have attempted to 
determine the truth or falsity of cl.aims for the existence of a perceptWll 
channel whereby certain individuals are able to perceive and describe 
remote rut.a not presented to any known sense. This paper presents an,. 
outline of the history of scientific inquiry into such so-called paranor
mal perception and surveys the current state of the art in parapsycho· 
logical research in the United States and abroad. The nature of this 
perceptual channel is examined in a series of experiments carried out 
in the Electronics and Bioengineering Laboratory of Stanford Research 
Institute. The perceptual modality most extensively investigated is the 
ability of both experienced subjects and inexperienced volunteers to 
view, by innate mental processes, remote geographical or technical 
targets including buildings, roads. and laboratory apparatus. The ac· 
cumulated data indicate that the phenomenon is not a sensitive func· 
tion of distance, and Faraday cage shielding does not in any apparent 
way degrade the quality and accuracy of perception. On the basis of 
this research, some areas of physics are suggested from which a descrip· 
tion or explanation of the phenomenon could be forthcoming. 

I. INTRODUCTION 

"KT IS THE PROVINCE of natural science to investigate 
natme, impartially and without prejudice" [ 1 J. Nowhere 
in scientific inquiry has this dictum met as great a cha!· 

lenge as in the area of so-called extrasensory perception (ESP), 
the detection of remote stimuli not mediated by the usual· 
sensory processes. Such phenomena, although under scientific 
consideration for over a centUiy, have historically been fraught 
with unreliability and contro·.-ersy, and validation of the phe· 
nomena by accepted scientific methodology has been slow in 
coming. Even so, a recent survey conducted by the British 
publication New Scientist revealed that 67 percent of nearly 
1500 responding readers (the majority of whom are working 
scientists and technologists) considered ESP to be an estab
lished fact or a likely possibility, and 88 percent held the 
investigation of ESP to be a legitimate scientific undertaking 
[2]. 

A review of the literature reveals that although experiments 
by .reputable researchers yielding positive results were begun 
over a century ago (e.g., Sir William Crookes' study of D. D. 
Home, 1860's) [3], many consider the study of these phe
nomena as only recently emerging from the realm of quasi· 
science. One. reason for this is that, despite experimental 
results, no satisfactory theoretical construct had been advanced 
to correlate data or to predict new experimental outcomes. 
Consequently, the. area in question remained for a long time 
in the recipe stage reminiscent of electrodynamics before the 
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unific.::tion b:2ught about by the work of Ampere, L:aday. 
and Maxwell. SiJJce the early work, however, we have ~,c:n the 
development :cf information theory, quantt:m theo::-. and 
neurophysiolc-gical research, and these disciplines ;:ovide 
powerful con::ep,ual tools th::t appear to bear directly Jn the 
issue. In fac:. s.everal physic:sts (Section V) are now Jf the 
opinion that :::.ese phenomem are noi· at all L1consiste:c with 
the framewo;:C oi modern physics: the often-held vie~· that 
obserntions c:· this type are a priori incompatible with mown 
laws is errone.:,us in that such a concept is based on th: naive 

'realism preval:;;t before the development of quantum i1eory. 
In the emergj::g view, it is ac~epted that rese2rch in fr..:s area 
can be condu::ed so as to uncover not just a catalog o: Lnter
esting events, ::.n rather patte:ns of cause-effect relatic:iships 
of the type ,:-.at iend themselves to analysis and hyr: ,hesi.s 
in the forms with which we are familiar in the p:ysicaJ 
sciences. Om hypothesis is r.hat information transfer under 
conditions of sensory shielding is mediated by ext,emely 
low-frequency (ELF) electromagnetic waves, a propostl that 
does not seer:. to be ruled out by any obvious phys::al or 
biological fac:s. Further, the development of infomation 
theory makes it possible to characterize and quanti:y the 
performance :ii a communications channel regardless of 
the underlying mechanism. 

For the pas: three years, we have had a program :.i1 the 
Electronics a.::d Bioengineering · Laboratory of the Stan
ford Research Institute (SRI) to investigate those fac:ts of 
human percep:ion that appear to fall outside the range of well
understood perceptual/processing capabilities. Of par:icular 
interest is a human information-accessing capability tl:at we 
call "remote viewing." Thi; phenomenon pertains 10 the 
ability of ceruin individuals to access and describe, by means 
of mental processes, information sources blocked from ordi
nary perceptio!l, and generally accepted as secure against such 
access. 

In particula:-, the phenomenon we have investigated most 
extensively is the ability of a subject to view remote geop-aph
ical locations up to several thousand kilometers distani from 
his physical location (given only a known person on whom to 
target). 1 We have carried out more than fifty experiments 
under controlled laboratory conditions with several indinduals 
whose remote perceptual abilities have been developed suf
ficiently to allow them at times to describe correctly-oiten in 
great detail-geographical or technical material such as build
ings, roads, laboratory apparatus, and the like. 

As observed in the laboratory, the basic phenomenon appears 
t~ cover a range of subjective experiences variously referred to 

1 Our initial work in this area was reported in Nature [ 4 J, and re
printed in the IEEE Commun. Soc. Newsletter, vol. 13, Jan. 1975. 
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Fig. I. Airport in Sa:i Andre, .. Colombia, used as remote-viewing target, along with sl:!tch produced by subjec1 
in California. · 

in the literature as autoscopy (in the med:cal literature); exteri
orization or disassociation (psychological literature); simple 
clairvoyance, traveling clairvoya.rice, or O'lt-of-body experience 
(parapsychological literature); or astral p:ojection (occult liter
ature). We choose the term "remote ·,iewing" as a neutral 
descriptive term free from prior associ.:.tions and bias as to 
mechanisms. 

The development at SRI of a success:ul experimental pro
cedure to elicit this capability has evolved to the point where 
persons such as visiting government scientists and contract 
monitors, with no previous exposure to such concepts, have 
learned to perform well; and subjects wto have trained over a 
one-year period have performed excellently under a variety of 
experimental conditions. Our accumulated data thus indicate 
that both specially selected and unsek.:ted persons can be 
assisted in developing remote perceptual abilities up to a 
level of useful information transfer. 

In experiments of this type, we have th:ee principal findings. 
First, we -have established that it is posSiole to obtain signifi
cant amounts of accurate descriptive info;mation about remote 
locations. Second, an increase in the distance from a few 
meters up to 4000 km separating the scbject from the scene 
to be perceived does not in any apparent way degrade the 
quality or accuracy of perception. Finally; the use of Faraday 
cage electrical shielding does not prevent high-quality descrip
tions from being obtained. 

To build a coherent theory for the explanation of these 
phenomena, it is necessary fo have a c'.lear understanding of 

.what constitu.tes the phenq_mena. In this paper, we first briefly · 
lmmmarize previous efforts in this field in Section II. We then 

. present ~ S~ctions III and IV -th~ resuhs of a series of more 

than fifty experiments with nine subjects carried out in our 
own laboratory, wh(ch represent a sufficiently ;table dc'.a base 
to permit testing of various hypotheses concerning th: func
tioning of this channel. Finally, in Section V, we i.'.dicate 
those areas of physics a:id information theory that ap;ear to 
be relevant to an ,understanding of certain aspects Jf the 
phenomena. 

First, however, we present an illustrative ex1.mple ge~.erated 
in an early pilot experiment. As will be clear from o·::r later 
discussion, this is not 2. "best-ever" example, but nther a 
typical sample of th.e level of proficiency that can be ;::ached 
and that we have coi:iie to ex pectin our research. 

Three subjects pirtici;iated in a long-distance expdment 
focusing on a sP.ries\ of targets in Costa Rica. These s1bjects 
said they had never; been to Costa Rica. In th.is expe:iment, 
one of the experimenters (Dr. Puthoff) spent ten days tnveling 
through Costa Rica on a combination business/pleasu:e trip. 
This information was all that was known to the subject! about 
the traveler's itinerary. The experiment called for Dr. Futhoff 
to ke~p a detailed record of his location and activities, i1clud
ing photographs of. each of seven target days at 133Q PDT. 
A total of twelve da;ily descriptions were collected before the 
traveler's return: six responses from one subject, fiv! from 
another, and one from a ,hird. 

The third subject who ~ubmitted the single response stpplied 
a drawing for a day 'in the middle of the series. (The si.;bject's 
response, together with the photographs taken at the ~:te, are 
shown in Fig. l ). , Although Costa Rica is a moumainous 
country, the subject unexpectedly perceived the trave'.er at a 
beach and ocean setting. With some misgi.ving, he descrfued an 
airport on a sandy beach and an airstrip with the ocean at the 
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1~nd (correct). An airport building also was drawn, and shown 
to have a large rectangular overhang (correct). The traveler 
had taken an unplanned one-day side trip to an offshore island 
and at the time of the experiment had just disembarked from a 
plane at a small island airport as described by the subject 
4000 km away. The sole discrepancy was that the subject's 
drawing showed a Quonset-hut type of building in place of the 
rectangular structure. 

The above description was chosen as an example to illustrate 
a major point observed a number of times throughout the 
program to be described. Contrary to what may be expected, 
a subject's description does not necessarily portray what may 
reasonably be expected to be correct (an educated or "safe" 
guess), but often runs counter even to the subject's own 
expectations. 

We wish to stress again that a result such as the above is not 
unusual. The remaining submissions in this experiment pro-· 
vided further examples of excellent correspondences between 
target and response. (A target period of poolside relaxation 
was identified; a drive through a tropical forest at the base of 
a truncated volcano was described as a drive through a jungle 
below a large bare table mountain; a hotel-room target descrip
tion, including such details as rug color, was correct; and so 
on.) So as to determine whether such matches were simply 
fortuitous-that is, could reasonably be expected on the basis 
of chance alone-Dr. Puthoff was asked after he had returned 
to blind match the twelve descriptions to his seven target 
locations. On the basis of this conservative evaluation proce
dure, which vastly underestimates the statistical significance 
of the individual descriptions, five correct matches were ob
tained. ~his number of matches is significant at p = 0.02 by 
exact binomial calcu!ation. 2 

The observation of such unexpectedly high-quality descrip
tions early in our program Jed to a large.scale study of the 
phenomenon at SRI under secure double-1:ilind conditions (i.e., 
target unknown to experimenters as well as subjects), with 
independent random target selection and blind judging. The 
results, presented in Sections III and IV, provide strong evi
dence for the robustness of this phenomenon whereby a 
human perceptual modality of extreme sensitivity can detect 
complex remote stimuli. 

II. BACKGROUND 

Although we are approaching the study of these phenomena 
as physicists, it is not yet possible to separate ourselves entirely 
from the language of the nineteenth century when the labora
tory study of the paranormal was begun. Consequently, we 
continue to use terms such as "paranormal," "telepathy," and 
the like. However, we intend only to indicate a process of 
information transfer under conditions generally accepted as 
secure against such transfer and with no prejudice or occult 
assumptions as to the mechanisms involved. As in any other 
scientific pursuit, the purpose is to collect the observables that 
result from experiments and to try to determine the functional 
relationships between these ·observables and the laws of physics 
as they are currently understood. 

1 The. probabiliti of a correct daily match by chance for any given 
transcript is p = .,,-. Therefore, the probability of at least five correct 
matches by chance out of twelve tries can be calculated from 

p = 12 121 \ ·('2.)'.(~)(12-I) = 0.02. ~ 11 (12 - 1)1 7 ·7 · 

Organized research into so-called psychic functiomir..f began 
roughly in the time of J. J. Thomson, Sir Oli"!r JLoc.ge, and 
Sir William Crookes, all of whom took part in tte fou:-ding of 
the Society for Psychical Research (SPR) in 1832 iJn E1gland. 
Crookes, for example, carried out his principal inv,est~?ations 
with D. D. Home, a Scotsman who grew up ir: Arne:-.ca and 
returned to England in 1855 [3]. According to ,he ino:~books 
and published reports of Crookes, Home had demo,:itrated 
the ability to cause objects to move without tcuchinf them. 
We should note in passing that, Home, unlike :nost s-biects, 
worked only in the light and spoke out in the ;tro•ng:~t pos
sible terms against the darkened seance rooms jopula: at the 
time [5]. 

Sir William Crookes was a pioneer in the stud:,· of ej!,;trical 
discharge in gases and in the development of ,:icuurr: tubes, 
some types of which still bear his name. Altholgh eve-:ything 
Crookes said about electron beams and plasmas was ac::~pted, 
nothing he said about the achievements of D. ). Hor:e ever 
achieved that status. Many of his colleagues, who hid not 
observed the experiments with Home, stated publicly thlt they 
thought Crookes had been deceived, to which Crook.es rngrily 
responded: 

Will not my critics £ive me credit for some amount of c:onmon 
sense? Do they not-imagine that the obvious precau:ion$, w.tich 
occur to them as soon as they sit down to pick .'.co[e$ i,. my 
experiments, have occurred to me also in the courst of my Jro
longed and patient investigation? The answer to tis, ;2.s : : all 
other objections is, prove it to be an error, by shcwin;g °"'1ere 
the error. lies, or if a trick, by showing how the :rick is :·er
formed. Try the experiment fully and fairly. If tkn faau: be 
found, expose it; ii it be a truth, proclaim it. Thir is fhe :nly 
scientific procedure, and it is that I propose steadir; to, pmue 
[3 J. 

In the United States, scientific interest in tl:-= p,ara::ormal 
was centered in the universitie.s. In 1912, JoL1 Coo·rer [ 6] 
was establish~d in the endowel Chair of Psychic1l Reseuch at 
Stanford University. In the l 920's, Harvard University set up 
research programs v.ith George Estabrooks and ::... T. 1:oland 
[7], [8]. It was in this framey;ork that, in )930, Villiam 
McDougall invited Dr. J. B. Rhine and Dr. Lo-.,isa Krine to 
join the Psychology Department at Duke Univenity [9'.. For 
more than 30 years, significant work was carried out at F.hine's 
Duke University Laboratory. To examine the existnce of 
paranormal perception, he used the now-famo'.ls ESF cards 
containing a boldly printed picture of a star, cross, iquare, 
circle, or wavy lines. s·ubjects were asked to name th= order 
of these cards in a freshly shuffled deck of twenty-foe such 
cards. To test for telepathy, an experimenter .,·ou:U.d bok at 
the cards one at a time, and a subject suitably separate: from 
the sender would attempt to determine which cud waf being 
viewed. 

Dr. J. B. Rhine together with Dr. J. G. Pratt ca:.rri~d out 
thousands of experiments of this type under widely TlI'ying 
conditions [ 10]. The statistical results from these exper:.ments 
indicated that some individuals did indeed possess a prranor
mal perceptual ability in that it was possible to obt1in an 
arbitrarily high degree of improbability by continued 1esting 
of a gifted subject. 

The work of Rhine has been challenged on mmy grounds, 
however, in"luding accusations of improper handling ofstatis
tjcs, error, and fraud. With regard to the statistici, the reneral 
consensus of statisticians today is that if fault is to be found 
in Rhine's work, it would have to be on other than statistical 
grounds [ 11]. With regard to the accusations of frau:i, the 
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most celebrated case oi criticism of Rhine's work, that of reinforcement, he: de,eloped several outstanding subje.::ts, one 
G. R. Price [12], ended 17 years after it began when the of whom, Pavel :Stepanek, has worked with experimenters 
accusation of fraud was retracted by its author in an article. around the world for more than IO years. 
entitled "Apology to Rhine and Soal," published in the same Ryzl's pioneering work came as an Jnswer to the questions 
journal in which it was first put forward [ 13]. It should also raised by the 19 56 CIBA Foundation conierence on extra
be noted that parapsychologie:l reseuchers thfmsclves re- sensory perception. The CIBA Chemical Company ha, annu.al 
cent!y' exposed fraud in their own laboratory when they. meetings on topics of biological and chemical intere.st, and 
encountered it [ 14 J. that same year t)1ey assembled sewral prominent prapsy-

At the .end of the I 940's, Prof. S. G. Soal, an English mat he- chologists to have'. a state-of-the-art conference on ES? [ 23 I. 
matician working with the SPR, had c.1.fried out hundreds of The conference concluded that little progress would t~ made 
card guessing experiments invohing tens of thousands of calls in parapsychology research until a repeatable experiment 
[15]. Many of these experime:its we:e carried out over ex- could be found; n:amely, an experiment that different experi· 
tended distances. One or' the most nocable experiments was menters could repeat at will and tha, would reliably yield a 
conducted with Mrs. Gloria S,ew2rt between London and statistically significant result. 
Antwerp. This experiment gave results whose probability of Ryzl had by 1962 2ccomplished th2, goal. His prirnuy con-
occurring by ch~nce were less than 10-s. With the. publication tribution was a decision to interact with the subject a; a per-
of Modern Experiments in Telepathy by Soal and Bateman son, to try to build up his confidence 2nd ability. His p:otocol 
(both of whom were statisticians), it ap;:ieared that card guess- depended on "working with" rather ,han ''running" ::is sub
ing experiments produced signifr:ant results, on the average. 3 jects. Ryzl's star ;ubject, Pavel Stepanek, has producec highly 

The most severe criticism of all this work, a criticism diffi- significant results with many contemporary researchers [24 ]
cult to defend against in principle, is tr.at leveled by the well- [29]. In these experiments, he was able to tell with 60-;iercent 
known British parapsychological critic C. E. M. Hansel [ 17 J, reliability whether. a hidden card was green side or white 
who began his examination of ,he ESP hypothesis with the side up, yielding ~tatistics of a million to one with only a 
stated assumption, "In view of the a p.,-;on· arguments against thousand trials. 
it we know in advance that telepathy, etc., cannot occur." As significant as such results are statistically, the information 
Therefore, based on the "a priori t.::ilikelihood" of ESP, channel is imperf ed, containing noise along with the signal. 
Hansel's examination oi ,he literature centered primarily on When considering how best to use su~h a channel, on: is led 
the possibility of fraud. by si.:bjects or investigators. He to the communication theory concep: of the introduc~ion oi 
reviewed in depth four experiments which he regarded as redundancy as a means of coding a message to corn':Jat the 
providing the best eviden;:e of ESP: the Pearce-Pratt distance effects of a noisy channel (30 J. A p:ototype experirr.ent by 
series [ 18 J; the Pratt-Woodruff [ 19) series, both conducted Ryzl using such techniques has proved to be successfu:. Ryzl 
at Duke; and Soal's work with Mrs. Stewart and Basil Shackle- had an assistant s<;lect randomly five groups of thre,e digits 
ton [15], as well as a more recen.t series by Soal and Bowden each. These 15 digits were then encoded into binary form and 
[20 J. Hansel showed, in each case, how fraud could have been translated into a sequence of green aad white cards in sealed 
committed (by the experimenters in tr.e Pratt-Woodruff and envelopes. By means of repeated calling and an elaborate 
Saal-Bateman series, or by the subjev.:s in the Pearce-Pratt majority vote prot6col, Ryzl was able after 19 350 calls by 
and Saal-Bowden experL-nents). He gave no direct evidence Stepanek (averagin~ 9 s per call) to correctly identify all 15 
that fraud was committed in these ex~riments, but said, "If numbers, a result significant at p == 1 o-is The hit rate for 
the result could have arisen through a trick, the experiment individual calls was 61.9 percent, 11 978 hits, and 7372 misses 
must be considered unsatisfacto;y proof of ESP, whether or (31 J. · 
not it is finally decided that such a trick was in fact used" [ 17, Note Added in Proof: It has been brought to our attention 
p. 18). As discussed by Honorton in a review of the field that a similar procedure was recently t.:sed to transmit without 
[21), Hansel's conclusion after 241 pages of careful scrutiny error the word "p\!ace" in International Morse Code (J.C. 
therefore was that these experiments were not "fraud-proof" Carpenter, "Toward the effective utilization of en.'lanced 
and therefore in principle could not serve as conclusive proof weak-signal ESP eff~cts," presented at the Annual Meeting of 
of ESP. the American Assodation for the Advancement of Science, 

Even among the supporters of ESP research and its results, New York, NY, Jan: 27, 1975). 
the.re remained the consistent problem that many successful The characteristics of such a channel can be specified in 
subjects eventually lost their ability and· their scores gradually accordance with the precepts of communication theory. The 
drifted toward chance results. This decline effect in no way bit rate associated with the information channel is calculated 
erased their previous astronomical success; but it was a disap- from [30) 
pointment since if paranormal perception is a natural ability, R = H(x)- Hy(x) (I) 
one would like to see subjects improving with practice rather 
than getting worse. 

One of the first successful attempts to overcome the decline 
effect was in Czechoslovakia in the work of Dr. Milan Ryzl, a 
chemist with the Institute of Biology of the Czechoslovakian 
Academy of Science and also an amateur hypnotist [22]. 
Through the use of hypnosis, together with feedback and 

'Recently, some of the euly ~I experiments have been criticized 
·(16). However, his Iong-clist~n_c-e experimenu cited here were judged' 
in a double.,blind fashion of the type that escaped the criticism of the 

· early experiments.. . ·· · 

where H(x) is the uncertainty of the source message containing 
symbols with a priorj probability Pi: 

2 

/{(x).=- L Pilog2 P; (2) 
i=J 

and Hy (x) is the coilditional entropy based on the a po1 teriori 
probabilities that a received signal was actually transmitted: 

. 2 
Hy(x)\ =- L p(i, j) log2 P;Ci). (3) 

f,j•l 
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Fo:r Stepanek's run, with Pi= j", Pj (j) = 0.619, and an average 
time of 9 s per choice, we have a source uncertainty H(x) = 1 
bit and a calculated bit rate 

R ""'0.041 bit/symbol 
or 

R/T:::::: 0.0046 bit/s. 

(Since the I 5-digit nu:nber (49.8 bits) actuaUy was transmitted 
at the rate of 2.9 X 10- 4 bit/s, an increase in bit rate by a 
factor of about 20 cculd be expected on the basis of a coding 
scheme more optimur:1 than that used in the experiments. See, 
for example, Appendix A.) 

Dr. Charles Tart at the University of California has written 
extensively on the so-called decline effect. He considers that 
having subjects attempt to guess cards, or perform any other 
repetitious task for which they receive no feedback, follows 
tlw classical techniqu~ for deconditioning any response. He 
thus considers card guessing "a technique for extinguishing 
psychic functioning in the laborat"ory" [ 32]. 

Tart's injunctions d the mid-sixties were being heeded at 
Maimonides Hospital, Brooklyn, NY, by a team of researchers 
that included Dr. Montague Ullman, who was director of 
research for the hospital; Dr. Stanley Krippner; and, later, 
Charles Honorton. These three worked together for several 
years on experiments on the occurrence of telepathy in dreams. 
In the course of a half-dozen experimental series, they found 
in their week-long sessions a number of subjects who had 
dreams that consistently were highly descriptive of pictorial 
material that a remott sender was looking at throughout the 
n~:ht. This work is cescribed in detail in the experimenters' 
book Dream Telepathy [33 J. Honorton is continuing work 
of this free-response type in which the subject has no precon
ci~ived idea as to what ,he target may be. 

In his more recent- work with subjects in the waking state, 
Honorton is providing homogeneous stimulation to the subject 
who is to describe color slides viewed by another person in a 
remote room. In this new work, the subject listens to white 
noise via earphones and views an homogeneous visual field 
imposed through the use of Ping-Pong ball halves to cover the 
subject's eyes in conjunction with diffuse ambient illumina
tion. In this so-called Ganzfeld setting, subjects are again able, 
now in the waking srate, to give correct and often highly 
accurate descriptions of the material being viewed by the 
sender [34]. 

In Honorton's work and elsewhere, it apparently has been 
the step away from the repetitive forced-<:hoice experiment 
that has opened the way for a wide variety of ordinary people 
to demonstrate significant functioning in the laboratory, with
oufbeing bored into a decline effect. 

This survey would be incomplete if we did not indicate 
certain aspects of the current state of research in the USSR. 
It is clear from translated do cum en ts and other sources [ 3 5) 
that many laboratories in the USSR are engaged in paranormal 
re.search. 

Since the l 930's, in the laboratory of L. Vasiliev (Leningrad 
Institute for Brain Resea~cli), there has been an interest in the 
use of telepathy as a method of influencing the behavior of a 
person at a distance. In Vasiliev's book Experiments in Mental 
Suggestion, he makes it very clear that the bulk of his labora
tory's experiments were aimed at long-distance communica
tion combined with a for~ of behavior modification; for 

· ,~xample, putting .people at a distance to sleep through hyp-
·nosis [ 36 J. · 

Similar behavior modifiotion types of experiments have been 
carried out in recent times by l. M. Kogan, Chairman of the 
Bioinformation Section o:· the Moscow Board of the Popov 
Society. He is a Soviet e:i.gineer who, until 1969, published 
extensively on the theory of telepathic communication [37]
[40]. He was concerned ,.-ith three principal kinds of experi
ments: mental suggestion without hypnosis over short dis
tances, in which the perci;:ient attempts to identify an object; 
mental awakening over sh,xt distances, in which a subje(t is 
awakened from a hypnoti: sleep at the "beamed" suggestion 
from the hypnotist; and lcng-range (intercity) telepathic com
munication. Kogan's mal--: interest has been to quantify the 
channel capacity of the pa:anormal channel. He finds that the 
bit rate decreases from 0.: bit/s for laboratory experiments 
to 0.005 bit/s for his l 000-:,m intercity experiments. 

In the USSR, serious con;ideration is given to the hypothesis 
that telepathy is mediated :iy extremely low-frequency (ELF) 
electromagnetic propagatiJn. (The pros and cons oi this 
hypothesis are discussed :..r1 Section V of this paper.) In 
general, the entire field o;· paranormal research in the USSR 
is part of a larger one con~erned with the interaction between 
electromagnetic fields and living organisms [ 41), [ 42]. At 
the First International Congress on Parapsychology and 
Psychotronics in Prague, Czechoslovakia, in 197 3, for example, 
Kholodov spoke at lengtr. about the susceptibility of li;ing 
systems to extremely low-;evel ac and de fields. He described 
conditioning effects on the behavior of fish resulting from the 
application of 10 to 100 ~W of RF to their tank [ 43 J. The 
USSR take these data seri:,usly in that the Soviet safety re
quirements for steady-sta:e microwave exposure set limits 
at 10 µW/cm 2

, whereas the United States has set a steady-state 
limit of 10 mW /cm 2 [ 44]. Kholodov spoke also about the 
nonthermal effects of microwaves on animals' central nerrnus 
systems. His experiments ·.rere very carefully carried out and 
are characteristic of a new dimension in. paranormal research. 

The increasing importance of this .. area in Soviet research was 
indicated recently when tr:e Soviet Psychological Association 
issued an unprecedented p-::isition paper calling on the So,iet 
Academy of Sciences to mp up efforts in this area [ 45]. 
They recommended that the · newly formed Psychological 
Institute within the Soviet Academy of Sciences and the 
Psychological Institute of the Academy of Pedagogical Sciences 
review the area and consider the creation of a new laboratory 
within one of the institutes to study persons with unusual 
abilities. They also recommended a comprehensive evaluation 
of experiments and theory by the Academy of Sciences' Insti
tute of Biophysics and Institute for the Problems of Informa
tion Transmission. 

The Soviet research, along with other behavioristicaUy 
oriented work, suggests that in addition to obtaining overt 
responses such as verbalizations or key presses from a subject, 
it should be possible to obtain objective evidence of informa
tion transfer by direct measurement of physiological parame
ters of a subject. Kamiya, Lindsley, Pribram, Silverman, 
Walter, and others brought together to discuss physiological 
methods to detect ESP functioning, have suggested that a 
whole range of electroencephalogram (EEG) responses such as 
evoked potentials (EP's), spontaneous EEG, and the contingent 
negative variation (CNV) might be sensitive indicators of the 
detection of· remote stimuli not mediated by usual sensory 

. processes [ 46]. 
Early experimentation of this type was carried out by 

Douglas Dean at the Newark College of Engineering. In his 
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search for physiological correlates of information transfer, he 
used the plethysmograph to measure changes in the blood 
volume in a finger, a sensitive indicator of autonomic nervous 
system functioning [ 4 7 J. A plethysmographic measure men: 
was made on the finger of a subject during telepathy experi
ments. A sender looked at randomly selected target cards 
consisting of names known to the subject, toget1_1er with names 
unknown to him (selected at random from a telephone book). 
The names of the known people were contributed by the sub
ject and were to be of emotional significance to him. Dear: 
found significant changes in the chart recording of finger 
blood volume when the remote sender was looking at those 
names known to the subject as compared with those names 
randomly chosen. 

Three other experiments using the physiological approacr, 
have now been published. The first work by Tart [ 48], a later 
work by Lloyd [ 49 J , and most recently the work by the 
authors [ 4] all follow a similar procedure. Basically, a subj'ect 
is closeted in an electrically shielded room while his EEG is 
recorded. Meanwhile, in another laboratory, a second person 
is stimulated from time to time, and the time of that stimulus 
is marked on the magnetic-tape recording of the subject's EEG. 
The subject does not know when the remote stimulus periods 
are as compared with the nonstimulus periods. 

With regard to choice of stimulus for our own experimenta
tion, we noted that in previous work others had attempted, 
v.ithout success, to detect evoked potential changes in a sub
ject's EEG in response to a single stroboscopic flash stimulus 
observed by another subject [ 50 J. In a discussion of that 
experiment, Kamiya suggested that because of the unknown 
temporal characteristics of the information channel, it might 
be more appropriate to use repetitive bursts of light to increase 
the probability of detecting information transfer [ 51) . There
fore, in our study we chose to use a stroboscopic flash train of 
10-s duration as the remote stimulus. 
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Fig. 2. Occipital EEG freq·c~ncy spectra, 0-20Hz, of one subject (H.:-i.) 
acting as receiver'·.showinf ,mi: iitude changes in the 9-11 ·Hz band ;; a 
function of strob:e frequt~cr. Three cases: 0-. 6-, and 16-Hz na1.·es 
(twelve trial avera,;:es). 

results were produced by system artifacts, electromagne:ic 
pickup (EMI), or: subtle cue-'....ng; the results were negative [.:. J. 

As part of the experir:ienr_a_l protocol, the subject was asl:cd 
to indicate a con~cious .cssessment for each trial (via telegr2;,h 
key) as to the nature cf tl::::e stimulus; analysis showed th:se 
guesses to be at chance. Thus arousal as evidenced by sign::·;
cant alpha blocki.ng occ:.rred only at the non cognitive level A 
physiological resflonse. Hence the experiment provided dir:;t 
physiological (EE,G) evi.:ence of perception of remote stim~li 
even in the absen(;e of o·,~rt .::ognitive response. 

Whereas in our,'experi:nen:.s we used a remote light flash 2, a 
stimulus, Tart [ 48 J in h.is work used an electrical shock :o 
himself as sender, and Lloyd (49] simply told the sender :o 
think of a red t;riangle each time a red warning light \<1S 

illuminated withtn his view. Lloyd observed a consistt:it 
evoked potential _in his subjects; whereas in our experime:r.1s 
and in Tart's, a reduction i.:J amplitude and a desynchroni:2-
tion of alpha was.· obserocd-an arousal response. (If a subje,:t 
is resting in an alpha-iom.inant condition and he is th:n 
stimulated, for example :n <DY direct manner, one will obse,,e 
a desynchronizatipn an-: de·..::rease in alpha power.) We ccn
sider that these combine.,± results are evidence for the existen;e 
of noncognitive awareness of remote happenings and that th:y 
have a profound implication for paranormal research. 

III. SRI INVESTIG.-\ TIONS OF REMOTE VIEWING 

In the design of the study, we assumed that the application 
oi the remote stimulus would result in responses similar to 
those obtained under conditions of direct stimulation. For 
example, when an individual is stimulated with a low
frequency (< 30 Hz) flashing light, the EEG typically shows 
a decrease in the amplitude of the resting rhythm and a 
driving of the brain waves at the frequency of the flashes [52). 
We hypothesized that if we stimulated one subject in this 
manner (a putative sender), the EEG of another subject in a 
remote room with no flash present (a receiver) might show Experimentation' in remote viewing began during studi~s 
changes in alpha (9-11 Hz) activity and possibly an EEG carried out to investigate the abilities of a New York arti;t, 
driving similar to that of the sender, or other coupling to the Ingo Swann, when he expressed the opinion that the insigr.:s 
sender's EEG [5 3 J. The receiver was seated in a visually gained during experiments at SRI had strengthened his abili:y 
opaque, acoustically and electrically sh1elded, double-walled (verified in other research before he joined the SRI progran) 
steel room about 7 m from the sender. The details of the to view remote locatior:s [ 54] . To test Mr. Swann's ass:r
experirnent, consisting. of. seven runs of thirty-six I 0-s trials tion, a pilot study· was set up in which a series of targets frc:n 
each (twelve periods each for 0-Hz, 6-Hz, and 16-Hz stimuli, around the globe were supplied by SRI personnel to the ex
randomly intermixed), are_ presented in [ 4]. This experiment perimenters on a double-blind. basis. Mr. Swann's appare:it 
proved to be successful. The receiver's alpha activity (9-11 Hz) ability to describe co:recdy details of buildings, roacs, 
showed a significant reduction in average power (-24 percent, bridges, and the like indicated that it may be possible for 
p < 0.04) and peak powe~ (-28 percent, p < 0.03) during a subject by means of ment:a.l imagery to access and descri:ie 
16-Hz flash stimuli as compared with periods of no-flash randomly chosen geog;aphlcal sites located several mil!s 
stimulus .. [A similar response was observed for 6-Hz stimuli from the subject's position and demarcated by some appro
(-12 percent in average power, -21 percent in peak power), priate means. Th'erefore, we set up a research program w 
but the latter result did not reach statistical significance. J test the remote-viewing hypothesis under rigidly controll~d 
Fig. 2 shows an overlay of t,!1ree averaged EEG spectra from scientific conditions. 

·_one of the subject's 36 trial runs, displaying differences in In carrying out this program, we concentrated on what we 
alpha activity during the thre_e stimulus conditions. Extensive considered to be our principal responsibility-to resolve under 
control procedures were .unde'rtaken to determine if these unambiguous conditions the basic issue of whether or not tr.Js 
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class of paranormal perception phenomenon exists. At all 
times, we and others responsible for the overall program took 
measures to prevent sensory leakage and subliminal cueing and 
to prevent deception, whether intentional or uni:1tentionaL 
To ensure evaluations independent of belief structures of both 
experimenters and judges, all experiments were carried out 
under a protocol, described below, in which target selection at 
the beginning of experiments and blind judging o:· results at 
the end of experiments were handled independer.tly of the 
researchers engaged in carrying out the experiments. 

Six subjects, designated SI through S6, were chosen for the 
study. Three were considered as gifted or experienced subjects 
(SI through S3), an-:; three were considered as le:irners (S4 
through S 6). The c priori dichotomy between gifted and 
learners was based on the experienced group hEving been 
successful in other srndies conducted before this program 
and the learners gro:ip being inexperienced with regard to · 
paranormal experimer.:ation. 1

' 

The study consisted of a series of double-blind tests with 
local targets in the San Francisco Bay Area so that several in
dependent judges could visit the sites to establish d~cumenta
tion. The protocol was to closet the subject with an experi
menter at SRI and a, an agreed-on time to obtair. from the 
subject a description of an undisclosed remote site being 
visited by a target team. In each of the experimer.ts, one of 
the six program subjects served as remote-viewing subject, 
and SRI expe1imenters served as a target demarcation team at 
the remote location chosen in a double-blind p:otoco! as 
follows. 

In each experimen,, SRI management randomly chose a 
target location from a list of targets within a 3 0-rr.in driving 
time from SRI; the target location selected was kept blind to 
subject and experimenters. The target pool consisted of more 
than 100 target locations chosen from a target-rich environ
ment. .(Before the experimental series began, the Director of 
the Information Science and Engineering Division, not other
wise associated with the experiment, established the set of lo
cations as the target pool which remained known only to him. 
The target locations were printed on cards sealed in envelopes 
and kept in the SRI Division office safe. They were available 
only with the personal assistance of the Division Director who 
issued a single random-number selected target card that con
stituted the traveling orders for that experiment.) 

In detail: To begin the experiment, the subject was closeted 
with an experimenter at SRI to wait 30 min before beginning 
a narrative description of the remote location. A second ex
perimenter then obtained from the Division Director a target 
location from a set of traveling orders previously prepared and 
randomized by the Director and kept under his control. The 
target demarcation team, consisting of two to four SRI experi
menters, then proceeded by automobile directly to the target 
without any communication with the subject or experimenter 
remaining behind. The experimenter remaining with the sub
ject at SRI was kept ignorant of both the particular target and 
the target pool so as to eliminate the possibility of cueing 
(overt or subliminal) and to· allow him freedom in questioning 
the subject to clarify his descriptions. The demarcation team 
:remained at the target site for an agreed-on 15-min period 
following the 30 min allotted for travel. 4 During the observa-

tion period, the remote-viewing subject was asktd to dtscribe 
his impressions of the target site in to a tape re~order rnd to 
make any drawings he thought appropri2te. An :..1fonn2I com
parison was then made when the demarcation l!lm rer-~med, 
and the subject was taken to the site to p:ovide f:~d back. 

A. Subject Si: ExperienceJ 

To begin the series, Pat Price, a former Califorr.-. .1 polic: com
missioner and city councilman, participated a; a sub:~ct in 
nine experiments. In general, Price's abilit: to describe 
correctly buildings, docks, roads, gardens, and tr.~ like, i::.clud
ing structural materials, color, 2mbienct, and ,:ti,ity-often 
in great detail-indicated the functioning of ;_ remo1: per
ceptual ability. A Hoover Tower target, for :xampJ:. was 
recognized and named by name. N onet"1eless, i:: ge:ner.L', the 
descriptions contained inaccuracies as ·.veil as ;orrect state
ments. A typical example is indicated by the sub_cct's d'"wing 
shown in Fig. 3 in which he correctly describti a pa.::'i.:-like 
area containing two pools of water: or.e recta~.gular, :0 by 
89 ft (actual dimensions 75 by 100 ft); the c:her fr~ular, 
diameter 120 ft (actual diameter 110 ft). He incorrect]: indi
cated the function, however, as water :·iltratio: ra~he, than 
recreational swimming. (We often observe esser.:ially nrrect 
descriptions of basic elements and patterns cov:i!ed w::h in
complete or erroneous analysis of funct:on.) A, ca::i b: seen 
from his drawing, he also included sane elerr::n ts, s,~:h as 
the tanks shown in the upper rig.'lt, that are not ;re:.ent Ethe 
target site. We also note an appuent lef:-right ;:vers.al, }ften 
observed in paranormal perceptio:1 experi;nents. 

To obtain a numerical evaluation of the acc-.:racy cf the 
remote-viewing experiment, the experir:nental results were 
subjected to independent judging on a blind bais by a: SRI 
research analyst not othern·ise cssociated with ,he res:arch. 
The subject's response _packets, which contaiLed tlle nine 
typed unedited transcripts of the tape-record:d nanllives 
along with any associated drawings, were unlab:led am: pre
sented in random order. While standing at eac: targei loca
tion, visited in turn·, the judge was.required to bli:.d rank >Jrder 
the nine packets on a scale 1 to 9 (best to worst match). The 
statistic of interest is the sum of ranks assigned ,o the tuget
associated transcripts, lower values indicating be:cer ma:ches. 
For nine targets, the sum of ranks could range :rom ni'le to 
eighty-one. The probability that a given sum d rank~ s or 
less will occur by chance is given by [ 5 5) 

I s k (n) (i -Al - I) Pr (s or less)=-;;; ,L _L (-1) 1 _ 
]\ i=n l=o I n 1 

where s is obtained sum of ranks, N is number of assig,'lable 
ranks, n is number of occasions on which rariking; were nade, 
and 1 takes on values from zero to the least positive integer k 
in (i - n)/n. (Table I is a table to enable easy a_;iplication of 
the above formula to those cases in which N = n .) The sum in 
tliis case, which included seven direct hits out of !he nine, was 
16 (see Table II), a result significant at p = 2.9 X I 0- 5 by 
exact calculation. 

In Experiments 3, 4, and 6 through 9, the subject was se
cured in a double-walled copper-screen Faraday cage. The 
Faraday cage provides 120-dB attenuation for plane-wave 

, ,radio-frequency radiation over a range of 15 kHz to I GHz. 
4

The first subject (SI) was alJowed 30 min for his descriptions, but For magnetic fields the attenuation is 68 dB at 15 kHz and 
· It was found_.th~I he. fatigued and had· little comment af!er the fir~t I 5 d ses t 3 dB ; 60 Hz The suits of rank O dcrJ·u«faing 

··min. The v1ew1J1g, time was therefore teduced to· 1 s mm for sub,ects ecrea O a · re r .,.... 
S2 through S6. . · • (Table II) indicate that the us~ o~ Faraday ccge electrical 
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Fig. 3. Swimming pool complex as remote·viewing target. (a) City map of target lo,cation. (b) Drawing by Price (SI). 

TABLE! 
CRJTiCAL VALwES OF SUMS OF RANKS FOR PREFERENTIAL MATCHING 

Number of Probabilicy (o~e-tailed) that the Indicated Sum of Ranks or L~ss 1/ould Occur by Chance 

Assignable l 1 
Ranks (N) 0. 20 O. 10: 0, 051 0. 04 O. 025 0.01 o.oo, 0.002 0.001 o.ooq5 10-• 10-• 10-• 10- 7 

: ! 
4 7 6 5 ·~ •·. 5 4 4 

5 ll 10 9 8 8 7 6 6 5 

6 16 15 : 13 13 12 ll 10 9 8 i; 6 

7 22 20 18 18 17 15 14 12 12 11 9 8 

8 29 27 r 24 21, 22 20 19 17 16 15 13 ll' 9 8 

9 37 34 ! 31 30 29 26 24 22 21 20 17 14 12 lO 

10 46 42 t 39 38 36 33 31 29 27 25; 22 19 16 13 

I 
11 56 51 i 48 47 45 41 38 36 34 32,1 28 24 20 17 

L.__1_2 __ .1__61--1_6_1....JI'-. _s_s_L_s_6__,__s_4__,__49_L.__;.47--1L._4_3__,__4_1__,__3_9_L._3_s__,__30--'-2-s-'--2-2_, 

Note: This table applies only to those special cases in which the number of occasions on which objects 
are being ranked (n) is equal to the number of assignable ranks (N). Each', entry represents the largest 
number that is significant at the indicated p-level. Source: R. L. Morris [55 J •· 

shielding does not prevent high-quality descriptions from being B. Subject S4: Lear,ner 

~-

obtained. This experiment y.ras designed to be a replication of our pre-
As a backup judging procedure, a panel of five additional vious experiment with Price, the first replication attempted. 

SRI scientists not otherwise associated with the research were The subject for this experiment was Mrs. Hella Ha.'Ilmid, a 
asked simply to blind match the unedited typed transcripts gifted professional photographer. She was selected for this
(with associated drawings) generated by the remote viewer series on the basis of her successful performance as a per
against the nine target· locations which they independently ciplent in the EEG experiment described earlier. Outside of 
visited in tum. The transcripts were unlabeled and presented that interaction, sh~ had no previous experience with apparent 
in random order. A correct match consisted of a transcript paranormal functioning. 
of a given date being matched to the target of that date. In- At the time we oegan working with Mrs. Hammid, she had 
stead of the expected number of l match each per judge, the i;io strong feelings about the likelihood of her ability to sue-

. number of correct matches obtained by the five judges was 7 ,. ceed in this task. 'This was in contrast to both Ingo Swann~ 
-6, 5, 3, and 3, respectively. Thus, rather than the expected who had come to· our laboratory fresh from a lengthy and""" 
total nu~~er-of 5 correct ma~ch·es fro;111 the judges, 24 such apparently successfµl series of experiments with Dr. Gertrude 
matches were obtained. Schmeidler at City: College of New York (56) and Pat Price 
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Fig. 4. Subject Harn mid (S4) drawing, described as "some kind of diagonal trough up in :1e air." 

TABLE II 
DISTRIBUT!OS OF RAt,;K!SGS AsSlGSED TO TRANSCRIPTS 

ASSOCIATED WITH EACH TARGET LOC.HIOS FOR EXPERIENCED 
SUBJECT PRICE (S l) 

Renk of 
01.sta:-.::e Associated 

Ta.rge: tccation (kr:\ Transcript 

Hoo'ler To...,er, Stanford 3.0 l 

!aylands Nature Preserve, Palo Alto 6 ·" l 

Radlo telescope, Portola Valley 6.<. l 

¥..arina, RedwoO<! Clty 6.B l 

!rldge toll plaza, Fret:K>nt 14 .5 6 

Drive .. in theater, Palo Alto 5. l 1 

Arts and Crafts Pla.za, Menlo Park 1.9 l 

Catholic Church, Portola Valley 8 .5 3 

~im.ing pool cocple:x, Pa lo Alto 3 .• 1 

Total sum of ranks 16 

(p.2. 9x10-•) 

scientific rigor, one of our prum ... ry tasks as researchers is to 
provide an environment in wrurh the subject :eels safe to 
explore the possibility of parano::mal perception With a new 
subject, we also try to stress the ~1onuniqueness Jf°"the ability 
because from our experience pannonnal functicning appears 
to be a latent ability that all su:jects can articdate to some 
degree. 

Because of Mrs. Hammid's artiitic background, she was ca
pable of drawing and describing ·1isual images tl:at she could 
not identify in any cognitive or amlytic sense. Wben the target 
demarcation team went to a tuget location 71hich was a 
pedestrian oYerpass, the subject !aid that she sa" "a kind of 
trough up in the air," which she indicated in the upper part 
of her drawing in Fig. 4. She ....-ent on to expJain, "If you 
stand where they are standing you will see something like 
this," indicating the nested squa;es at the bottom of Fig. 4. 
As it turned out, a judge standin 5 where she ind:cated would 
have a view closely resembling wr.at she had dra.;in, as can be 
seen from the accompanying phc;tographs of tht target loca-
tion. It needs to be emphasized, however, that j !ldges did not 

who felt that he used his remote-viewing ability in his every- have access to our photographs of the site, u,ed here for 
day life. · illustrative purposes only, but ra:her they procetded to each 

In comparison with the latter two, many people are more of the target locations by list. 
iinfluenced by their environment and are reluctant under In another experiment, the Sllbject describec seeing "an 
public scrutiny_ to attempt activities-that are generally thought open barnlike structure with a p:tched roof." She also saw 
to be impossible. Society often provides inhibition and nega- a "kind of slatted side to the structure making ~ht and dark 
tive feedback to the individual who might otherwise have bars on the_ wall."· Her drawin 6 and a photo~aph of the 
explored his own nonregular perceptual ability. We all share associated bicycle shed target are shown in Fig. 5. (Subjects 
an historical tradition of "tQ.e stoning of prophets and the . a.i:e encouraged to make drawing! of anything faey visualize 
~urning of witches" and, in more modem times, the hospitaliza- and associate with the remote location because drawings they 

. · tion of those wh~ claim to perceive-things that the majority do make are in general more accurate tilan their verbal description.) 
not admit ·to. seeing. Therefore.a,. in addition. to maintaining As in the original series with Price, the results of the nine-
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Fig. s. Subject Hammid (S4) response to bicycle shed target described as an open "barn-like building" with "slats 
on the sides" and a "pitched ro(;f." · 

TABLE III 
DISTRIBUTION OF R.~SKISGS AsSlGNED TO TRASSCRIPTS Assocr.~ TED 

WITH EAC.H TARGET LOCATIOS FOR LEARNER SUBJECT HAMMID (S4) 

Ronk of 
P~Hance Associated 

Target !..ocatio:i /<rn) Transcript 

Met.:lodist Oiurch, P•lo Alco 1.9 I 

Neu Auditer-ium, Me:110 Park 0.2 l 

Me r:y- go- reynd, Palo Alto 3 .4 l 

P&r".dng g,ange., Ho1:1,t:ain Viev 8 .1 2 

SRI Inte.rn1Cional Courtyard, Menlo Park 0.2 l 

Bic-yelt lhtd, Menlo Park 0 .1 2 

R.111 ro.ad t:-estle bridge, Palo-Alto 1.3 2 

_PUD91:ln P'-tch, Menlo P.arlc L. 3 l 

Pe!utri.an overpa.ss, Palo Alto 5.0 2 

7i:it1. l IUD of ranks 13 

(pal,8x10-•) 

Agai,~, a; a backup judging procedure, a panel of five :.ddi
tional judieS not otherwise associated with the research 
were askec simply to blind match the unedited typed :ian
scripts and :.ssociated drawings gen~rated by the remote vie·Rer, 
against the nine target locations which they independently 
visited in rnm. A correct match consisted of a transcri;:t of 
a given d2:e being matched to the target of that date: In
stead of the expected number of I match each per j::dge, 
the number of correct matches obtained by the five j::dges 
was 5, 3, 3, 2, anq 2, respectively. Thus, rather than the ex
pected tottl number of 5 correct matches from the judges, 
15 such mctches were obtained. 

C. SubjecI: S2 and:SJ: Experienced 

Having completed a series of 18 remote-viewing experirr.~nts, 
9 each with experienced subject S 1 (Price) and learne:- S4 
(Hammid), additional replication experiments, four with ~ach 
subject, were carrie'.d out with experienced subjects S 2 (E1gin) 

experiment series were submitted for independent judging on and S3 (Swann) and learners S5 and S6. To place thejucging 
a blind basis by an SRI rese_arch analyst not otherwise associ- on a basis comparable to that used with S 1 and S4, the four 
ated with the research. _While at each target location, visited transcripts each of experienced subjects S 2 and S3 were com
in tum, the judge was required to blind rank order the nine bined into a group of eight for rank order judging to be com-
unedited .typed manuscripts of the tape-recorded narratives, pared with the sirpilariy combined results of the lea:ners 
along with any associated drawings generated by the remote S 5 and S 6. , 
viewer, on a scale 1 to 9 (best to worst match). The sum of The serie:s with S2 (Elgin, an SRI research analyst) pro·,ided 
ranks assigned to the target-~ciated transcripts in this case a· further e:i:ample df the dichotomy between verbal and c:raw-
\vas 13, a result significant,.at-p = 1.8-X 10- 6 by exact calcula- ' ing responses. (As with medical literature, case histories often 

· tion (see Table land disctissi(?n)·, and included five direct hits are i:nore illuminating than the summary of results.) The ex-
and four second ranks (TabJe III). · , periment described: here ~.JlOdfe

4 
third conducted with this 
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TARGET-TENNliS COURTS 

l 

Fig. 6. Subject Elgin·(S2) d:awings in response to tennis court target. 

Sl!bject. It was a demonstration experiment for a government 
visitor who had heard of our work and wanted to evaluate our 
e.xperimental protocol. 

In the laboratory, the subject, holding a bearing compass at 
a,m's length, began the experiment by indicating the direc,ion 
of the target demarcation team. correctly to within 5°. (In all 
four experiments with this subject, he has always been witllin 
10° of the correct direction in this angular assessment.) The 
subject then generated a 15-min tape-recorded description and 
,the drawings shown in Fig. 6. 

In discussing the drawings, Elgin indicated that he was 
uncertain as to the action, but had the impression that the 
demarcation team was located at a museum (known to him) 
in a particular park. In fact, the target ..yas a tennis court lo
cated in that park about 90 m from the indicated museum. 
Once again, we note the characteristic (discussed earlier) of a 
resemblance between the . target site and certain gestalt ele
ments of the subject's response, especially in regard to the 
drawings, coupled with incomplete or erroneous analysis of 
the significances. Nonetheless, when rank ordering transcripts 
l through 8 at the site, the judge ranked this transcript as 2. 
This example illustrates a continuing observation that most of 
the correct information related to us by subjects is of a non
analytic nature. pertaining to shape, form, color, and material 
rather than to function or name. 

experiments, he dictates two lists for uo to ::-ecord. O.:e l..iS1 · 
contains objects that he "sees," but does :10t thiL1< are kcated 
at the remote scene. A second list cor.:a.ins: o ejects t:Jt t.e 
thinks are at the scene. In our evaluatio::, he hES m~de :nuc:h 
progress in this most essential ability :o sepa:a te rntmo!"}· 
and imagination from paranormal inputs. T.'-lis is tbe l:ey t,o 

bringing the remote-viewing channel to fnition with reprd w 
its potential usefulness. 

The quality of transcript that can be gtneratec by thi; pro
cess is evident from the results of our mo,t recent ex:pe:-:.ment 
with Swann. The target location chosen by the usual d:-uble
blind protocol was the Palo Alto City HaL Swann descf~bed 2 

. tall building with vertical columns and "!et in" windlow-:. llis 
sketch, together with the photograph of the site, is shewn in 
Fig. 7. He s~d there was a fountain, "but .B. don't heu iL"' 
At the time the target team was at the City Hill ch1ri.:g the 
experiment, the fountain was not runnir.g. He also, m,de a.n 
effort to draw a replica of the designs in ue pa.vemel'l!t in fromt 
of the building, and correctly indicated the numbeir of trees 
(four) in the sketch. 

For the entire series of eight, four each from S2 amd S3, the 
numerical evaluation 'based on blind ra:;.k orderin~ of tran
scripts at each site was significant at p = 3.& X 10-4\ a.:d in
cluded three direct hits and three second ranks for tlhe urget
associated transcripts (see Table IV). 

A second example from this group, generated by S3 (Swann), 
_indicates the level of proficiency that can be attained· with D. Subjects S5 and S6:.Learners 
-practice. In the two years'since we first started working with To complete the series, four experimenits each weire carried 
Swann, he }1as been studying the problem of separating the ex- out with learner subjects SS and S6, a mm and wonnn cm the 

temal signal ·Ar,pr6\,~t_FaiimH~~se1120013/0lfff8r~h.-R8~is~ffcrfmtko8q1 ol61offol.~ in this case, t.akel. as a 
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! ft ,. l DISTRIBUTION OF RANP(!NGS AssIGNW TO TRANSCRIPTS AssOCIATED 

·.1 . WITil EACH TARGET LocATION FOR EXPERIENCED SUBJECTS ELGIN (S2) 

« ,. . AND SWAN)'; (S3) 
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Fig. 7. Subject Swa;:.n (S3) r.sponse to City Hall target. 

group, did not differ significantly from chance. For the series 
of eight (judged as a group of reven since one target came up 
twice, once for each subject), the numerical evaluation based 
on blind rank ordering of transcripts at each site was non
significant at p = 0.08, even though there were two direct hits 
and two second ranks out of the seven (see Table V). 

One of the direct hits, which occurred with subject S6 in her 
first experiment, provides an example of the "first-time effect" 
that has been rigorously explored and is well-known to experi
menters in the field (57). The outbound experimenter 
obtained, by random protocol from the pool, a target blind 

. to the experimenter with the rubject, as is our standard pro- . 
.-·cedure, an_d proceeded to 'the loca_tion. The subject, a math.e

matician in the ·computer scien~e labora!ory who had no pre-

Rank of 
Diitance Auociaced 

Sublect Tan et Location (..,.) Iran1criot 

S2 BART St.a tlon (Trans it Sy1t.t"m), rretDOnt 16,l 1 

S2 Shielded ~oom1 SRI, Menlo Par;; 0. I 2 

S2 Totnnis court, p,.lo Alto ) .4 2 

S2 Golf courte bridge, Star:i!ord ) .4 2 

SJ City Hall, Pa.lo Al to 2.0 I 

SJ }Unlature golf course, l":.enlo ?ark ) .o 1 

Sl Kiosk in park, Xenlo Pa r·c. 0 .J J 

SJ Bay lands N_ature Preserve. Pa lo Al to 6 .4 3 

' 
Total .!IU/11 of ra.nks 15 

(p,3.BxlO"') 

TABLE V 

DISTRIBUTION OF; RA1'KINGS Ass!G:SED TO TRAlsSCRIPTS AsSOCIATED 

WITH EACH TARGET loCAT!O:S FOR LEARNER SL:BJECTS S5 ASD S6 

Rank of 

DiH.ance A.ssociia.ted 

Sub 1ect ; Tanet Loca ti.Jn (b) Transcrint 

·55 Pedestrian overpassJ ?ilo >.lto l .O 3 

S5 Railroad tr est le briC,t!, ?.alo Alto : . 3 6 

55 ~indmil l, Portola Val!ty 5.5 2 

S5, S6 W'hite Pltza, Stanford (2) J .8 1 

S6 Airport, \Pa.lo Alto l. 5 2 

56 Kiosk in Park, Hen lo ?•rk 0. 3 5 

56 Boathousi, Stanford ; .o I 

Total &wn of ranks 20 

: 

i 
I 

I 
' 

(p:0,08, SS) I 

vious experience in remote viewing, began to describe a large 
square with a fountain. Four minutes into the experiment, 
she recognized the location and correctly identified it by name 
(see Fig. 8). (It should be noted .that in the area from which 
the target locations were dra_wn there are other fountains 
as well, some of which were in the target pool.) As an ex
ample of the style of the narratives generated during remote 
viewing with inexperienced subjects and of the part played by 
the experimenter 'remaining with the subject in such a case, 
we have included the entire unedited text of this experiment 
as Appendix B. 

E. Normal aniPatanormal: Use of Unselected Subjects in 
Remote Viewing 

After more than a year of following the experimental pro
tocol described above and observing that even inexperienced 
subjects ·generated results better than expected, we initiated a 
series of experiments to explore further whether individuals 
other than putative "psychics" can demonstrate the remote
viewing ability. To test this idea, we have a continuing pro
gram to carry out .additional experiments of the outdoor type 
with new subjects whom we have no a priori reason to believe 
have paranormal perceptual ability. To date we have collected 
data from five experiments with two individuals in this cate
gory: a man and a woman who were visiting government 
scientists interested in observing our experimental protocols. 
The motivation fozi these particular experiments was twofold . 
First, the experiments provide data that indicate the level of 
proficiency that can be expected from unselected volunteers. 

·A~proved F~r R~l~ase 2003/04/18: CIA-RDP96-00789R003100030001-4 
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Fig. 8. Subject (S6) clrawing of White Plaza, Stanford University. Sub
ject drew what she called "curvy benches" and then announced cor
rectly that the place was "White Plaza at Sta~ford." 

Second, when an individual observes a successful demonstra· 
tion experiment involving another person as subject, it inevi· 
tably occurs to him that perhaps chicanery is involved. We 
have found the most effective way to settle this issue for the 
observer is to have the individual himself act as a subject so as 
to obtain pers_onal experience against which our reported 
results can be evaluated.· 

The first visitor (VI) was invited to participate as a subject 
in a three-experiment series. All three experiments contained 
elements descriptive of the associated target locations; the 
quality of response increa:sed with practice. The third re
sponse is shown _in Fig. 9 \_ where again the pattern elements in· 

- _ · the drawing appeared to .be a closer match than the subject's 

RESPONSES OF VISITING 
SCIENTIST SUBJECT 

analytic.interpretation of the targ~t obje_s:t ·as a cupola. Fig. 9. Subj.ect (VI) drawing of merry-go-round target. 
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TECHNOL9GY SERIES 
TYPEWRITER TARGET 

SUBJECT SWANN (S3) RESPONSE 

~-"·.,, ... ~ .... - .. 
• • & a I a .. I I,,. I 

- .......... '#' ••• _., . ~ .......... ... 

SUBJECT HAMMID (S4) RESPONSE 
Fig. 10. Drawings of a typewriter target by two subjects. 

TABLE VI The second visitor [V2] participated as a subject in two ex
periments. In his first experiment, he generated· one of the 
higher signal-to-noise results we have observed. He began 
his narrative, ''There is a re~ A-frame building and next to it 
is a large yellow thing [a tree-Editor]. Now further left 
there is another A-shape. It looks .like a swing-set, but it is 
pushed down in a gully so I can't see the swings." [All cor
rect.] He then went on to describe a lock on the front door 
that he said "looks like it's made· of laminated steel, so it 
must be a Master Jock." [Also correct.) 

DISTRIBUTION OF RANKINGS AsSIGNED TO TRAKSCRIPTI AssOCil,TED WI7H 

EACH TARGET LoCAT!ON FOR. VISITOR SUBJECTS VI AND V2 

For· the series of five-three from the first subject and two 
from the second-the numerical evaluation based on blind 
rank orderin'g of the transcn'pts at each site was significant at. 

- p = 0.017. and included tfuee direct hits and one second ,rank 
for fae target-associated transctj.pt"s. (Se~ Table VI.) 

Sub 'ec:t 

VI 

VI 

VI 

V2 

V2 

Taro et Location 

Bridge over :atrea.111, Menlo Park 

Bayh.nds Na~ure Preserve, Pllo Alto 

Herry-go-ro~nd, Palo Alto 

llindo,111, Portola Valley 

Apartment a'Vim1ng pool, XOuntain Vle"'' 

Total 1um,of rank, 

''. 
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TARGET LOCATION: XEROX MACHINE 
(TECHNOLOGY SERIES} 
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TO AD!} INTEREST TO TARGET 
LOCATION EXPERIMENTER WITH 

HIS h::AD 8::ING XEROXED 

Fig. J l. Drawings by three subjects (S2, S3, and V3) for Xerox machine target. Wher. isked to descrit~ the s~.1are at !.?per lef: o: response o~. 
the right, subject (V3) said, "There was this predominant light source which might ha;-e been a window. and a "'ork.i:lg serf ace w::i;:;; might haYe 
been the sill, or a working surface or desk." Earlier the subject had said, "I have ,':le feeling that n-.ere is ~:metnin;; silhoue:,e:! against the 
windo\v. 11 

Observations with unselected subjects such as those de
scribed above indicate that remote viewing may be a latent and 
widely distributed perceptual ability. 

Comparisons of the targ;ts and rubject irawinfS ior three of 
the multipl!-response casts (the typewr:,er, Xerox machine, 
and video terminal) are shown ir.: Figs. lJ, 11, md 12. As is 
apparent f:om these illustratic:1s :alor.e, the experiments 

F. Technology Series: Short-Range Remote Viewing provide cirrnmstantial evidence :or an :nform.=tion channel 
Because remote viewing is a perceptual ability, we consid- of useful b:: rate. This i:lclude, experi::ients i.-i ,,hich visit· 

ered it important to obtain data on its resolution capabilities. ing governnent scientists parti:ipated as sutjeas (Xerox 
To accomplish this, we turned to the use of indoor techno- machine ar:d video termin.al) tc obser,e the ;irowcol. b 
logical targets. general, it ;;,ppears that use of mdtiple-s,;bject responses to a 

Twelve experiments were carried out with five different sub- single targe: provides betler sigr_al-to-ncise rati:> than target 
jects, two of whom were visiting government scientists. They identification by a single i,-idividual. Thi; concl!!sion is borne 
were told that one of the experimenters would be sent by out by thej:idging described belov. 
random protocol to a laboratory within the SRI complex and Given thct in general ,he dnwings wnstitute the most 
that he would interact with the equipment or apparatus at accurate po:tion of a subject's de,criptio:1, in the first judging 
that location. It was further explained that the experimenter procedure c judge was asked sirn;ily to blind match only the 
remaining with the subject was, as usual, kept ignorant of the drawings (i.e., without tape transc:ipts) to the targets. Multiple
contents of the target pool to prevent cueing during question- subject responses to a given targe.: were itapled together, and 
ing. (Unknown to subjects, targets in the pool were used with thus seven subject-drawing res;onse packets were to be 
replacement; one of the goals of this particular experiment was matched to the seven different tar1;ets for which drawings were 
to obtain multiple responses to a given target to investigate made. The judge did not have ,cces.s to our photographs of -
whether correlation of a number of subject responses would the target locations, used for illustration purposes only, but 
provide enhancement of the. signal-to-noise ratio.) The sub- rather proceeded to each of the tuget locations by list. While 
ject was asked to describe the target both verbally (tape standing at each target location, tr:e judge was reQuired to rank 
recorded) and by means of drawings during a time-synchronized order the se-ren subject-drawing re-Jponse packets (presented in 
15-min interval in which the outbound experimenter inter- random order) on a scale I to 7 (best to worst match). For 
acted in an appropriate· manner with the equipment in the seven targets, the sum of ranks coold range from 7 to 49. The 
target area. sum in this case, which included l direct hit and 4 second 

In the twelve experiments, seven targets were used: a drill ranks out of the 7 (see Table VIIJ was 12, a result significant 
press, Xerox machine, video terminal, chart recorder, four- at p = 0.036. 
state random number generator, machine shop, and type- . In the second more detailed effort at evaluation, a visiting 
.writer. Three of these were used twice (drill press, video scientist selected at random one of the 12 data packages (a 
terminal, and typewriter) .~rid one (Xerox machine) came up drill press experiment), sight unreen and submitted it for in-

. · · three times.in our random selection proce.du're. dependent analysis to an engineer with a request for an esti-
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TARGET: VIDEO MONITOR FOR TEXT EDITING (TECH~OLOGY SERIES) 

i 

L ~ 
I 

---~_) 

s 

I 
(a) (b) 

Fig. I 2. Drav.ing by ,.vo subjects of a video monitor target. (a) Subject (S4) drawing of "bo~ with light coming out of it ... painted flat black 
and in t:ie middle of the room." (b) Second subject (V2) saw a computer terminll v.ith relay racks in the background. 

I 

TABLE VII 
D1HR!BUTIO:S OF R.~SKINGS AsSIGNED TO SUBJECT 

DRA ¥.J?,GS Assoc1.~ TED WITH EACH TARGET LocA TION 

l 
Rank :,f 

Associated 
s~: J ec c 

l 
Target Dra...,1::::.gs 

i 
SJ, S4 Drill !'ress 2 

S2, S), V3 i Xerox c.achine 2 
j 

s~, 112 I Video c.ermina l l 

SJ I Cl.art recorder 2 

S4 I Rando:,, number generator 6 

S4 I P..achi::.e: shop 3 

S3, S4 I typevdcer 2 

I 
Tot.al sum of r.anka 18 

(p;.0,036) 

mate as to what'was being described. The analyst, blind as to 
the target 2nd given only the subject's taped narrative and 
drawing (Fig. 13), was able, from the subject's description 
alone, to correctly classify the target as a "man-sized vertical 
boring machine." 

G. Summary of Remote Viewing Results 

1) Discussion: The descriptions supplied by the subjects 
in the experiments involving remote viewing of natural targets 
or laboratory apparatus, although containing inaccuracies, 
·were sufficiently accurate to pennit the judges to differentiate 
among vari,ous targets to ·the. degree indicated. A summary 

TABLE VIII 
StJMM.>.RY: REMOTE Y!EWJSG 

Sl (experienct-: 

52 and SJ ( ex;~.: :.,enced) 

S:. (learner) 

S5 and S6 (ltc:~ers) 

Yl and V2 (lei~trs/vis1tors} 

With technology :1.r-gets 

S2, S3, S4, \':,: \."3 

~-..i:nber ::: 
E:<:ieri~:-.':.s 

9 

8 

12 

p··,·a. tue) Ra~ 
O::!er Jud~ 1::.;: 

,.9 X 10-S 
.. f. 

l. 8 X !O 

l.8 X l0- 6 

0.08 (IIS) 

0,017 

0.036 

tabulation of the 'statistical evaluations of these fifty-one ex
periments with rutie subjects is presented in Table VIII. The 
overall result, e-..aluated conservatively on the basis of a 
judging procedure' that ignores transcript quality beyond that 
necessary to rank order the data packets (vastly underestimat
ing the statistical significance of individual descriptions), 
clearly indicates the presence of an infonnation channel of 
useful bit rate. furthermore, it appears that the principal 
difference between experienced subjects and inexperienced 
volunteers is not ihat the latter never exhibit the faculty, but_ 
rather that their r;sults are simply less reliable, more Sporadic. 
Nevertheless, as described earlier, individual transcripts from 
t~e inexperienced group of subjects number among some of 
the best obtained. Such observations indicate a hypothesis" 
that remote viewing may be a latent and widely distributed 
perceptual ability.: 
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In the process of judging-attempting to matc:i trans..:ripts 
against targets on the basis of the informa:ion ir. the 
transcripts-some patterns and regularities in tJ-.e tran;cript 
descriptions btcame evident, particularly regardi.;,g if!ldi,~dual 
styles in remote viewing and in the perceptual :'orm o:· the 
descriptions given by the subjects. TheS<! patterns anc. the 
ju'dging procedure are discussed below. 

a) Styles of response: The fifty-on~ tran;crip,ts were 
taken from r:ine different subjects. Compari.T.g the :ran
scripts of one subject with those of another revea:ed that :ach 
pattern tended to focus on certain aspects of the re::-10te 
target complex and to exclude others, so that :ach hzj an 
individual pattern of response, like a signature. 

Subject S3, :'or example, frequently respondec with :Jpo
graphical desc:iptions, maps, and architectural fe2ture s c:· the 
target locatior,s. Subject S 2 often focused on the bebav:Jr of 
the remote experimenter or the sequence of actio~,s he c2:-ried 

/ J,/' 
I " I .\Yu

/ .. '\ / . 

,- out at the target. The transcripts of subject SL. more :han 
those of other subjects, had descriptions of the feel of t:.e lo
cation, and experiential or sensory gestalts-for exac-:1ple, 
light/dark ele;nents in the scene and indoor/cutdoor and 
enclosed/open distinctions. Pro min en t features of S 1 's :ran· 
scripts were detailed descriptions of what the ta:-get pe:sons 
were concrete'.y experiencing, seei11g, or doing-:':ir exa;:-,ple, 
standing on a;phalty blacktop overlooking water: looki:. 5 at 
a purple iris. 

'< 

k 

Fig. 13. Subject (S4) drawing of drill press showing belt drive, stool, 
and a "vertical graph that goes up and down." 

Thus the primary achievement ·of the SRI program was the 
elidtation of high-quality remote viewing from individuals 
who agreed to act as subjects. Criticism of this claim could 
in principle be put forward on the basis of three potential 
f!a;:.-s.. 1) The study could involve naivete in protocol that 
p•~:rmits various forms of cueing, intention·al or unintentional. 
2) The experiments discussed could be selected out of a larger 
pool of experiments of which many are of poorer quality. 
3) Data for the reported experi.ments could be edited to show 
o:nly the matching elements,- the nonmatching elements being 
discarded. 

All three criticisms, however, are invalid. First, with regard 
to cueing, the use of double-blind protocols ensures that none 
of the persons in contact with the subject can be aware of the 
target. Second, selection of experiments for reporting did not 
take place; every experiment was entered as performed on a 
master log and is included in the statistical e,·aluations. Third, 
data associated with a given experiment remain unedited; all 
-experiments are tape recorded" and all data are included un-

. ' . . 
·. edited in the data package to be ju9ged and evaluated. . . 

The range cf any individual subject's responses w.as ·.cide. 
Anyone might draw a map or describe the mood o:· the re::iote 
experimenter, but the consistency of each s:ubj:ct's o·,erall 
approach suggests that just as individual descriptions :if a 
directly viewed scene would differ, so these difforences also 
occur in remote-viewing processes. 

b) Nature of the description: The concrete descrip:ions 
that appear most commonly in transcripts are at the levd of 
subunits of the overall scene. For example, when-the t:.rget 
was a Xerox .. copy machine, the responses inch:ded (S2) a 
rolling object {the moving light) or dials and a cover tr.at is 

lifted (S3), bu: the machine as a whole was not i:ientifid by 
name or function. 

In a few transcripts, the subjects correctly identified and 
named the target. In the case of a computer terminal, the 
subject (V2) apparently perceived the terminal a:-id the :elay 
racks behind it. In the case of targets which -were Hcover 
Tower and White Plaza, the subjects (S 1 and S6, respect:rrely) 
seemed to identify the locations through analysis of ;:heir 
initial images of the elements of the target. 

There were also occasional incorrect identifications. Gertalts 
were incorrectly named; for example, swimming pools in a 
park were identified as water storage tanks at a wa:er filtration 
plant (SI). 

The most common perceptual level was thus an intermediate 
one-the individual elements and items that make up the tar-. 
get. This is suggestive of a scanning process that takes sa:nple 
perceptions from within the overall environment. 

When the subjects tried to make sense out of these frag:nen
tary impressions, they often resorted to metaphors or con
structed an image with a kind of perceptual inference. From 
a feeling of the target as an "august" and "solemn" building, 
a subject (S4) said it might be a library; it was i churcJ-.. A 
pedestrian overpass above a freeway was described as a cor-.duit 
(S4). A rapid transit station, elevated above the countryside, 
was associated with an observatory (S2). These responses 
seem to be the result of attempts to process partial infonna-
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:ion: similarly, this occurs in other parapsychological ex;ieri- not be visible t;o an observer merely st.L1.dmg at groull\! level 
:nents. These observations are compatible with the hypotr.eses and describing :What he sees. (In paiti.::ilar, a subject often 
:hat information received in a putative remote-viewing r::ode correctly descripes elements not visible :J the target de:narca-
:s processed piecemeal in pattern form ( consistent with 2 low tion team.) Finally, motion is seldc:n reported; i.-. fact, 
:iit rate process, but not necessarily requiring it); and the moving objects often are unseen ever. when nearby static 
~.rrors arise in the processes of attempted integration of the objects are correctly identified. 
iata into larger patterns directed toward verbal labeling. A compariso~ of the results of remo:~ viewing (a so-called 

When the subjects augmented the verbal transcripts ·,.,ith free-response task) with results of forcei'.-choice tasks, ,-.Jch as 
.irawings or sketches, these often expressed the target elerr.!nts the selection of one of four choices ge::erated by a r~:idom 
::iore accurately than the verbal descriptions. Thus the d:aw- number generator [58], reveals the follo· ... ;ng findings. F:om a 
::1gs tended to correspond to the targets more clearly and statistical viewpoint, a subject is more L;:cly to descrit-:. with 
;recisely than the words of the transcript. sufficient accuracy to permit blind m1.:-.:hing, a remc:e site 

The descriptions given by the subjects sometimes wen: be- chosen at random than he is to select :orrectly one c: four 
:,ond what the remote experimenter experienced, at least :on- random numbers. Our experience with i:-.~se phenome~.;. leads 
sdously. For example, one subject (S4) described and crew us to consider that this difference in 1,.,k per:·ormanc: may 
.; belt drive at the top of a drill press that was invisible evt:i to stem from fundamental signal-to-noise :0nsiderations Two 
:he remote experimenter who was operating the macr.i.ne; principal sources of noise in the systerr, 1pparently are ~em-
~riother subject ·(S 1) described a number of items be::.ind ory and imagination, both of which c2.::. give rise to :::ental 
;,.1.rubbery and thus not visible to members of the demarcc:ion pictures of great.er clarity than the targe: to be perceivd. In 
:~am at the site. the random number task, a subject can c:ate a ;ierfect :::ental 

Curiously, objects in motion at the remote site were rE:e!y picture of each of the four possible out;:.its in his owr, :magi-
::ientioned in the transcript. For example, trains crossing the nation and then attempt to obtain the ~orrec, answe: by a 
;illroad trestle target were not described, though the renote mental matching operation. The same is ::ue fo: card g-~:ssing 
experimenter stood very close to them. experiments. On the other hand, the su:Ject in remote view-

Also in a few cases, the subject descriptions were inaccu.:ate ing is apparently more likely to appruch the task ·.:.ith a 
::garding size of structures. A 20-ft courtyard separating :wo blank mind as He attempts to perceive ;ictorial info:.:-.ation 
::uildings was described as 200 ft wide, and a small shed was from remote locations about which ht ::1ay !:ave nc ;:ored 
::xpanded to a barn-like structure. mental data. , 

c) Blind judging of transcripts: The judging proce!'.ure Finally, we OQserve that most of th:: correct info:-:::ation 
entailed examining the transcripts for a given experirnt:i.tal that subjects relate to us is of a nonan0:,.tic na,ure per;1ining 
S!ries and attempting to match the transcripts with thy :or- to shape, form, color, and material ratht~ than to func::on or 
r:ct targets on the basis of their correspondences. The t:an- name. In consulfation with Dr. Robert Or::stein of the L~gley-
s:ripts varied from coherent and accurate descriptions to nix- Porter Neuropsychiatric Institute, San Frlncisco, CA, an: with 
t1res of correspondences and noncorrespondences. Since the Dr. Ralph Kiernan of the Department o: ~eurology, St:.nford 
j:idge did not know a priori which elements of the descripton~ University Medic;al Center, Stanford, CA, we have formed . 
.-·ere correct or incorrect, the task was complicated, and t:an- the tentative hypothesis that paranorr.:al functionin~ may 
iripts often seemed plausibly to match more than one target. involve specializ~tion characteristic of t:-.: brai.1.'s righ, :1emi-
A confounding factor in these studies is that some targe: lo- sphere. This possibility is derived from 1 variety of e·dence 
utions have similarities .that seem alike at some level of ;ier- from clinical and] neurosurgical sources w:jch indicate t::.at the 
c:;ption. For example, a radio telescope at the top of a :i.ill, two hemispheres; of the human brain a:'! specialized f:r dif-
t1e observation deck of a tower, and a jetty on the edge of a ferent cognitive functions. The left he=iisphere is prdomi-
tay all match a transcript description of "looking out ov:r a nantly active in verbal and other analytici.i functioning a::d the 
long distance." A lake, a fountain, and a creek may all rt3ult right hemisphere predominates in spati,l and other holistic 
b an image of water for the subject. Therefore, in sev:ral processing (59], [60). Further resec:rch is necesx.,.-y to 
e1ses, even correct images may not help in the conserv,tive elucidate the relationship between right hemisphere fu::ction 
ciifferential matching procedure used. and paranormal abilities. Nonetheless, we can say at this 

According to the judge, the mos4: successful procedure was a point that the remote-viewing results of :he group of subjects 
Cl!eful element-by-element comparison that tested each t,an- at SRI have characteristics in commor, with more familiar 
s:ript against every target and used the-transcript descripfons performances that require right hemisp:,..eric function. The 
ac1.d drawings as arguments for or against assigning the t:an- similarities include the highly schematk:zed drawings of ob
s:ript to a particular target; In most cases, this resultec in jects in a room cir of remote scenes. Ve:bal identificat:on of 
e5ther a clear conclusion or at least a ranking of prob1ble these drawings is often highly inaccun:e and the dr,wings 
matches; these matches were subjected to the statistical themselves are frequently left-right revmed relative to the 
ac1.alyses presented in this paper. target configuratfon. Further, written material genenlly is 

2) Summary: In summary, we do not yet have an under- not cognized. These characteristics h,r,e been seen i..1. left 
sianding of the nature of the information-bearing signal that a brain-injured patiynts and in callosal-sectioned patients. 
S'lbject perceives during· remote viewing. The subjects cam- As a result of the above consideration;, we have learned tc 
monly report that they perceive the signal visually as tholgh urge our subjects simply to describe whi:C they see as opposed 
they were looking at the object or place from a position m its to what they .think they are looking at. We have learned that 
immediate neighborhood. Furthermore, the subjects' per- their unanalyzed perceptions are almost always a better guide 
~ptual viewpoint has mobility in that they can shift tli.eir to the true target than their interpretations of the perceived 
-point of view so as to describe elements of a scene that would · data. 

'· 
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IV. CONSIDERATIONS CONCERNING TIME 
If the authors may be forgiven a personal note, we wish to 

express ~hat this section deals with obser..ations that we have 
been reluctant to publish because of their striking apparent in
compatibility with existing concepts. The motivating factor 
for presenting the data at this time is the ethical consideration 
that theorists endeavoring to develop models for paranormal 
functioning should be apprised of all the observable data if 
their efforts to arrive at a comprehensive and correct descrip
tion are to be successful. 

During the course of the experimentation in remote viewing 
(Section III), subjects occasionally volunteered the informa
tion that they had been thinking about their forthcoming par
ticipation in a remote-viewing experiment and had an image 
come to them as to what the target location was to be. On 
these occasions, the information was given only to ihe experi
menter remaining at SRI with the subject and was UIL'<nown to,- · 
ilhe outbound experimenter until completion of !he expefi-·· 
ment. Two of these contributions were among the most 
:accurate descriptions turned in during those experiments . 
.Since the target location had not yet been selected when the 
:subject communicated his percepiions about the target, we 
found the data difficult to contend with. 

We offer these spontaneous occurrences not as proof of pre
cognitive perception, but rather as the motivation that led us 
to do further work in this field. On the basis of this firsthand 
evidence, together with the copious literature describing years 
of precognition experiments carried out in various other labo
ratories, we decided to determine whether a subject could per
form a perceptual task that required both spatial and temporal 
remote viewing. 

It is well known and recently has been widely discussed that 
nothing in the fundamental laws of physics forbids the appar
e:nt transmission of information from the future to the present 
(discussed further in Section V). Furthermore, there is a gen
eral dictum that "in physical law, eYerything that is not forbid
den, is required" [ 61). With this in mind, we set out to con
duct very well-controlled experiments to determine whether 
we could deliberately design and execute experiments for the 
sole purpose of observing precognition under laboratory 
conditions. 

The experimental protocol was identical to that followed in 
.Previous remote-viewing experiments with but one exception. 
The exception was that. the subject was required to describe 
the remote location during a 15-min period beginning 20 min 
before the target was selected and 35 min before the outbound 
,experimenter was to arrive at the target location. 

In detail, as shown in Table IX, each <).ay at ten o'clock one 
of the experimenters would leave SRI with a stack of ten 
sealed envelopes from a larger pool and randomized daily, con
taining traveling instructions that had been prepared, but that 
were unknown. to the two experimenters remaining with the 
subject. The subject for _this experiment was Hella Hammid 
(S4) who participated in the nine-experiment series replicating 
the original Price work described earlier. The traveling experi
menter was to drive continuously from 10:00 until 10: 30 be
fore selecting his destination with a random number generator. 
(The motivation for continuous motion was our observation 
that objects and persons in rapid motion are not generally seen 
in the remote-viewing mode of perception, and we wished the 
traveler to be a poor target unJil he reached his target site.) At 

.'jhe end of_ 30 min of driviiig;the traveling experimenter gener-

3.\7 

TABLE IX 
EXPERIMENT AL PROTOCOL: PRECOGNITIVE REMOTE V!EWlSG 

'!iM Expe:rLmenter/Subject Actlvlty 
S.::hedule 

r,o,oo Outbound expertmenter leaves ...,lth 10 envelopes (coatalnlng 

target locatlons) and random nuni.ber generator i 
b-egln1 half~hour drive 

L 0: 10 Experimenters reruaining 1Ji.th subject in th• labora:o:y 
e llc Lt from. subj cc t • de.1crlptlon of -.,here ou tboun~ 

exr1erln1enter ,,,.ill be from 10:45-11:00 

~,'): 25 Subject re,ponse completed, at ... 'ht.ch time tabora:.ory part 

of experiment is over 

L·'J: 30 Outboond experimenter obtains random number froa • random 

n'-=be r genera tor, count11 do\lT\ to auocl.ated envelope. and 

proceeds to target locat1on indicated 

,·:>:45 Outbound experimenter rem• ina at target locat1.o:,, for 
15 ml.nutes (10:45-11:00) 

Fig. 34. Subject Hammid (S4) desc'ribed "some kind of congealing tar, 
or maybe an area of condensed lava ... that has oozed out to fill up 
some kind ·of boundaries." 

ated a random digit from O to 9 with a Texas Instr..1ment5 
SR-51 random number generator; while. still in motion, he 
counted down that number of envelopes and proceeded di
reedy to the target location so as to arrive there by 10 :45. He 
remained at the target site until 11 :00, at which time he re
turned to the laboratory, showed ·his chosen target name to a 
security guard, and entered the experimental room. 

Dwing the same period, the protocol in the laboratory was 
as follows. At 10:10, the subject was asked to begin a descrip
tion of the place to which the experimenter would go 35 min 
hence. The subject then generated a tape-recorded description 
and associated drawings from 10:10 to 10:25, at which time 
her part in the experiment was ended. Her description was 
thus entirely concluded 5 min before the beginning of the tar
get selection pro"cedure. 

Four such experiments were carried out. Each of them ap
peared to be successful, an evaluation later verified in blind 
judging without error by three judges. We will briefly sum- -
marize the four experiments below. 

The first target, the Palo Alto Yacht Harbor, consisted en
tirely of mud flats because of an extremely low tide (!ee Fig. 
14). Appropriately, the entire transcript of the subject per
tained to "some kind of congealing tar, or maybe an area of 
condensed lava. It looks like the whole area is covered with 
some kind of wrinkled elephant skin that has oozed out to fill 
up some kind of boundaries where (the outbound experi
menter) is standing." Because of the lack of water, the dock 
where the remote experimenter was standing was in fact rest
ing directly on the mud. 
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Fig. 15. Subject (S4) described a formal garden ''very well manicured" 
behind a double colonnade. 

Note that the subject has learned not to rush into interpreta
tion as to the nature or purpose of the place. This is a result 
of our cautioning based on the observation that such efforts 
tend to be purely analytical and in our experience are almost 
invariably incorrect. If a subject can limit himself to what he 
sees, he is often then able to describe a scene with sufficient 
accuracy that an observer can perform the analysis for him and 
identify the place. 

The· second target visited was the fountain at one end of a 
large formal garden at Stanford University Hospital (Fig. 15). 
The subject gave a lengthy description of a formal garden be
hind a wall with a "double colonnade" and "very well mani
cured." When we later took the subject to the location, she 
was herself taken aback ,to !ind the double colonnaded wall 
leading into the garden just as described. 

The third target was a chil.dren's swing at a small park 4.6 km 
from the laboratory (Fig. 16). The subject repeated again and 
again that the rriain focus of attention at the site was a "black 
iron triangle that the outbound experimenter had somehow 
walke·d into or was standing on." The triangle was "bigger 
than a man," and she heard a "squeak, squeak, about once a 
second," which we observe is-a match to the black metal swing. 
".that did squeak. · ' · · 

Fig. J 6. Subject (S4) saw a "black iron triangle that Ha: had somehow 
walked into" and ;heard a "squeak, squeak, about once 1 second." 

Fig .. -! 7. Subject (S4) described a very tall structure locs:ed among city 
streets and covered with "Tiffany-like glass." 

The final target' was the Palo Alto City Hall (Fig. 1 7). Tne 
subject described a very, very tall structure :overed with 
"Tiffany-like gla5:?." She had it lo·cated among ci:y streets and 
with little cubes ~t the base. The building is glass-covered, 2nd 
the little cubes are a good match to the small elevator exit 
buildings located in the plaza in front of the building. 

To obtain a nu.tnerical evaluation of the accuracy of the pre
cognitive viewing; the experimental results were subjected to 
independent judgjng on a blind basis by three SRI scientists 
who were not otherwise associated with the experiment. The 
judges were asked to match the four locations, which they 
visited, against the unedited typed manuscripts of the tape
recorded narratives, along with the drawings generated by the 
remote viewer. The .transcripts were presented unlabeled and 
in random order and were to be used without replacement. A 
correct match required that the transcript of a given experi
ment be matched with the target of that experiment. All three 
judges independently matched the target data to the response 
data without error. Under the null hypothesis (no information 
channel and a random selection of descriptioru without re
placement), each judge independently obtained a result signifi
cant at p = (4!)- 1 = 0.042. 

For reasons we oo not as yet understand, the four transcripts 
generated in the precognition experiment show exceptional co
herence and accu-racy as evidenced by the fact that all of the 
judges were able to match successfully all of the transcripts to 
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the corresponding target locations. A long-range experimental 
program devoted to the clarification of these fasues and involY
ing a number of subjects is under way. The above four experi
ments are the first four carried out under this program. 

Currently, we ha Ye no precise model of tltls spatial and tem
poral remote-viewing phenomenon. However, models of the 
universe involving higher order synchronicity or correlation 
have been proposed by the physicist Pauli and the psychologist 
Carl Jung [ 62] . 

AcAUSALITY. If natural Jaw5 were an absolute truth, then of 
course there could not possibly be any processes that deYiate 
from it. But since causa!ity 5 is a statistical truth, it holds good 
only on aYerage and thus leaYes room for exceptions which must 
somehow be experienceable, that is to say, real. I try to regard 
synchronistic events as ac:ausal exceptions of this kind. They 
prove to be relatively independent of space and time; they rela
tivize space and time insofar as space presents in principle no ob
stacle to their passage and the sequence of events in time is in
verted so that it looks as if an event which has not yet occurred,
were ca using a perception in the present. 

We shall see in the next section that such a description, 
though poetic, has some basis in modern physical theory. 

V. DISCUSSION 

It is important to note at the outset that many contempo
rary physicists are of the view that the phenomena that we 
have been discussing are not at all inconsistent with the 
framework of physics as currently understood. In this emerg
ing view, the often-held belief that observations of this type 
are incompatible with known Jaws in principle is erroneous, 
such a concept being based on the naive realism prevalent 
before the development of modern quantum theory and 
information theory. 

One hy_pothesis, put forward by I. M. Kogan of the USSR, 
is that information transfer under conditions of sensory 
shielding is me,cliated by extremely low-frequency (ELF) 
electromagnetic waves in the 300-1000-km region (37 ]
[40]. Experimental support for the hypothesis is claimed 
on the basis of slower than inverse square attenuation, com
patible with source-percipient distances lying in the induc
ition field range as opposed to the radiation field range; ob
si~rved low bit rates (0.005-0.1 bit/s) compatible with the 
:information carrying capacity of ELF waves; apparent ineffec
tiiveness of ordinary electromagnetic shielding as an attenuator; 
and standard antenna calculations entailing biologically gener
ated currents yielding results compatible with observed signal
t,o-noise ratios. 

M. Persinger, Psychophysiology Laboratory, Laurentian Uni
versity, Toronto, Canada, has narrowed t~e ELF hypothesis to 
the suggestion that the 7 .8-Hz "Shumann waves" and their 
harmonics propagating along the earth-ionosphere waveguide 
dluct may be responsible. . Such an hypothesis is compatible 
with driving by brain-wave currents and leads to certain other 
hypotheses such as asym~etry between east-west and west
east propagation, preferred experimental times (midnight-4 
A.M.), and expected negative correlation between success 
and the U index· .(a mea·sure of geomagnetic disturbance 
throughout the world). Persinger claims initial support for 
these factors on the basis of a literature search [ 63 J , [ 64 J. , 

On the negative side with regard to a straightforward ELF 
interpretation as a blanket hypothesis are the following: a) ap-

5 As usually understood. ' · 

parent real-time descriptions of remote activities in sufficient 
detail to require a channel capacity in all probability greater 
than that allowed by a conv~ntional modulation of an ELF 
signal; b) lack of a proposed mechanism for coding and decod
ing the information onto the proposed ELF carrier; and c) aJ>
parent precognition data. The hypothesis must nonetheless re
main open at this stage of research, since it is conceivable that 
counterindication a) may eventually be circumvented on the 
basis that the apparent high bit rate results from a mixture of 
low bit rate input and high bit rate "filling in the blanks" from 
imagination; counterindication b) is common to a number of 
normal perceptual tasks and may therefore simply reflect a 
Jack of sophistication on our part with regard to perceptual 
functioning [ 65]; and counterindication c) may be accom
modated by an ELF hypothesis if advanced waves as well as 
retarded waves are admitted [ 66), [ 67). Experimentation to 
determine whether the ELF hypothesis is viable can be .::arried 
out by the use of ELF sources as targets, by the study of para
metric dependence on propagational directions and diurnal 
timing, and by the exploration of interference effects caused 
by creation of a high-intensity ELF environment dur'.:ng ex
perimentation, all of which are under consideration in our lab
oratory and elsewhere. 

Some physicists believe that the reconciliation of observed 
paranormal functioning with modern theory may take rlace at 
a more fundamental level-namely, at the level of the founda
tions of quantum theory. There is a continuing dialog, for 
example, on the proper interpretation of the effect of an ob
server (consciousness) on experimental measurement [ 68 J, 
and there is considerable current interest in the implications 
for our notions of ordering in time and space brought on by 
the observation [ 69], '(70] of nonlocal correlation or "quan
tum interconnectedness" (to use Bohm's term [71]) of distant 
parts of quantum systems of macroscopic dimensions. The 
latter, Bell's theorem [72], emphasizes that "no the.cry of 
reality compatible with quantum theory can require spatially 
separated events to be independent" [73), but must permit 
interconnectedness of distant events in a manner that is con
trary to ordinary experience [74 }-[ 7 5 J. This prediction has 
been experimentally tested and confirmed in the recent 
experiments of, for example, Freedman and Clauser (69], 
[70]. 

E. H. Walker and. 0. Costa de Beauregard, independently 
proposing theories of paranormal functioning based on quan
tum concepts, argue that observer effects open the door to the 
possibility of nontrivial coupling between consciousness and 
the environment and that the nonlocality principle permits 
such coupling to transcend spatial and temporal barriers [76], 
[77]. 

Apparent "time reversibility"-that is, effects (e.g., observa
tions) apparently preceding causes (e.g., events)-though con-

. ceptually difficult at first glance, may be the easiest of appar
ent paranormal phenomena to assimilate within the current 
theoretical structure of our world view. In addition to the 
familiar retarded potential solutionsf(t - r/c), it is well known 
that the equations of, for example, the electromagnetic field 
admit of advanced potential solutions f(t + r/c)-solutions that 
would appear to imply a reversal of cause and effect. Such 
solutions are conventionally discarded as not corresponding to 
any observable physical event. One is cautioned, however, by 

. statements such as that of Stratton in his.basic text on electro
magnetic theory [78]. 
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The reader has doubtless noted that the choice of the function bilities. The primary achievement of ..his prJgram has been 
f(t - r/c) is highly arbitrary, since the field equation admits also the elicitation ilf high-quality ·'remote viewi.1.g"-the ability 
asolution/(t +r/c). This function leads obviously to an advanced of both experiinced subjects andi inexperie:iced volunteers 
time, implying that the field can be observed before it has been 
generated by the source. The familiar chain of cause and effect to view, by rri:~ns of innate mental proces~s. remote geo-
is thus reversed and this alternative solution might be discarded graphicai or te:)rnical iargets s1.1cbi as roads. buildings, and 
as logically inconceivable. However, the application of "logical" Jaborato;y app,::itus. Our acrnmu.latej dat2 from over fifty 
causality principles offers very insecure footing in matters such experiments wi:.'1. more than ;; h.ilf-dozen s:-Jbjects indicate 
as these and we shall do better to restrict the theory to retarded · . 

the following. .1 The phenomenoru is r.ot a s~nsitive tunction actio'n solely on the grounds that this solution alone conforms to . 
of distance over a range of seven] kilometers. "::>) Faraday cage the present physical data. 

Such caution is justified by the example in the early l 920's of 
Dirac's deYelopment of the mathematical description of the 
relativistic electron that also yielded a pair of solutions, one of 
which was discarded as inapplicable until the discovery of the 
positron in 193 2. 

In an analysis by 0. Costa de Beauregard, an argument is put 
forward that advanced potentials cons ti tu te a convergence. 
toward "fmality" in a manner symmetrical to the divergynce'. 
of retarded potentials as a result of causality [77]. Such 
phenomena are generally unobservable, however, on the gross 
macroscopic .scale for statistical reasons. This is codified in 
the thermodynamic concept that for an isolated system entropy 
(disorder) on the average increases. It is just this requirement 
of isolation, however, that has been weakened by ·the observer 
problem in quantum theory, and 0. Costa de Beauregard argues 
that the finality principle is maximally operative in just those 
situations where the intrusion of consciousness as an ordering 
phenomenon results in a significant local reversal of entropy 
increase. At this point, further discussion of the subtleties of 
such considerations, though apropos, would take us far afield, 
so we simply note that such advanced waves, if detected, could 
in certain cases constitute a carrii;:r of information precognitive 
to the event. 

The aboYe arguments are not intended to indicate that the 
precise nature of the information channel coupling remote 
·events and human perception is understood. Rather, we in
tend to show only that modem theory is not without resources 
that can he brought to bear on the problems at hand, and we 
expect that these problems will, with further work, continue 
to yield to analysis and specification. 

Furthennore, independent of the mechanisms that may be 
involved in remote sensing, observation of the phenomenon 
implies the existence of an information channel in the 
information-theoretic sense. Since such channels are amenable 
to analysis on the basis of communication theory techniques, 
as indicated earlier, channel characteristics such as bit rate can 
be determined independent of a well-defined physical channel 
model in the sense that thermodynamic concepts can be ap
plied to the analysis of systems independent of underlying 
mechanisms. Furthermore, as we have seen from the work of 
Ryzl discussed in Section II, it is possible to use such a channel 
for error-free transmission of information if redundancy coding 
is used. (See also Appendix A.) Therefore, experimentation 
involving the collection of data under specified conditions per
mits headway to be made despite the formidable work that 
needs to be done to clarify the underlying bases of the 
phenomena. 

VI. CONCLUSION 

For the past three years we have had a program in the Elec
tronics and Bioengineering l,.aboratory of SRI to investigate . 

• those facets of human perception that appear to fall outside 
- . the range of well-understoo_d perceptual or ·processing capa-

shielding does n,,t appear to deg:ade: the quali~, or accuracy of 
perception. c) Most of the correct information that subjects 
relate is of a r-'Jnanalytic nature 1,?erttining :o shape, form, 
color, and matt:ial rather than to fun.::tion or name. (This 
aspect saggests 1 hypothesis !hat informatiJn transmission 
under conditiors of sensory sbelcfilng may t-! mediated pri
marily ty the :rain's right hemisphere.) c' The principal 
difference betv. ~en experiencd su bje.cts an:: in experienced 
voluntee,s is no::that the latter ne..-er exhibit :he faculty, but 
rather th1t their results are simply Iless reliable. (This observa
tion suggests tl:~ hypothesis that remote viewing may be a 
latent and wide:'y distributed, though repre,sed, perceptual 
ability.) 

Althoi.:g.h the ;:;_recise nature o[ thee informabn channel cou
pling remote ev:nts and human perception i; not yet under· 
stood, certain :oncepts in bfor:maton tt!ory, quantum 
theory, 2nd neu:?physiological resezrch appea: w bear directly 
on the issue. Jj a result, the ,~·ork:ing assum;·tion among re
searchers in tht field is that fae 1,?henomenc:1 of interest is 
consister.t with :podern scientific thought, ar.d can therefore 
be expected to yield to the scientific :wethoc. Further, it is 
recognized that , communication theo.;y prcvides powerful 
techniques, suet as the use of redundancy coding to improve 
signal-to-noise ntio, which can be e,mployed tc pursue special
purpose applicafon of the remo,e-sensing chan.:iel independent 
of an understand:ng .of the underlyfu}g mechanisms. We there
fore consider it important to contimue data collection and to 
encourage other,, to do likewise; investiga_tio;:s such as those 
reported here n:::!d replication rnd extension :inder as wide a 
variety of rigoro:isly controlled conditio::is as pJssible. 

APPENDIX A 

SIGNAL ENHANCEMENT IN A PARA};ORMAL 

COMMUNr¢ATI0N CHA!\'NEL BY APPL!CA TION 

OF REDUNDANCY CODING 

Independent cf the mechanisms that may be involved in 
remote sensing, observation of the phenomenon implies the 
existence of are; information chamnel in the infonnation
theoretic sense. As we have seen faom the work of Ryzl dis
cussed in Sectio:i 11,6 it is even possible to us.e such a (noisy) 
channel for encir-free transmission of info:mation if suf· 
ficient redundar.cy coding is used [30], [ 31]. Following is a 
general procedu:e that we have u.sed successfully for signal 
enhancement. 

We shall assune that the "message" consists of a stream of 
binary digits (O,l) of equal probability (e.g., binary sort of 
green/white car6J;as in Ryzl's case. English text encoded as in 
Table X and sent long distance by :strobe light on/off, and so 
on). To com bit 'channel noise, emch binary digit to be sent 
through the channel requires the aildition of redundancy bits 
(coding). Efficient coding requires. ;a compromise between the 
desire to maximize reliability and the desire to minimize re- -

• See alw the nvtt added In proof om the successful work done by 
:::arpenter. · 
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TABLE X 

5-B!T CoDE FOR ALPHANUMERIC 

CHARACTERS 

;: 00000 y OlOOO 
r 11111 G,J lOll l 
s 00001 w 01001 

~ 11110 V lOllC 

- 00010 B 01010 

0 11101 ¢ 10101 
A 00011 1 01011 
S,X,Z 11100 2 lOlOC 
J 00100 3 OllOG 
.. 11011 4 1001! 

- 00101 5 01 lOi 
c ,K,Q 11010 6 10010 

00110 7 0111~ 
? 11001 8 1000! 

00111 9 0111 l 
u 11000 10000 

.Vote: Alphabet characters lisied 
in order of decreasing frequency 
in English text. See, for example, 
A. Sinkov [79]. (The low-fre
qi:ency letters, X, Z, K, Q, and!, 
h,se been grouped· with similar 
cba.racters to provide space for 
numerics in a . 5-bit code.) In 
consideration of the uneven dis
tribution of letter frequencies in 
Er.glish text, this code is chosen 
su~h that O and 1 have equal 
probability. 

du:.dancy. One efficient coding scheme for such a channel is 
obuined by application of a sequential sampling procedure of 
the type used in production-line quality control [ 80]. The 
ada;itation of such a procedure to paranormal communication 
chunels, which we now discuss, was considered first by 
Tae.tz.sch [ 81] . The sequential method gives a rule of proce
dure for.,making one of three possible decLc:ions following the 
rec~ipt of each bit: accept 1 as the bit being transmitted; reject 
I z:s the bit being transmitted (i.e., accept O); or continue 
tra::smission of the bit under consideration. The sequential 
sa.r.:.pling procedure differs from fixed-length coding in that 
the number of bits required to reach, a final decision on a 
message bit is not fixed before transmission, but depends on 
the results accumulated with each transmission. The principal 
adn.ntage of the sequential sampling procedure as compared 
wifu the other methods is that, on the average, fewer bits per 
fiml decision are required for an equivalent degree of 
refubility. 

Use of the sequential sampling procedure requires the speci
fication of parameters that are detennined on the basis of the 
following considerations. Assume that i. message bit (O or 1) 
is ~ing transmitted. In the absence of a priori knowledge, we 
may assume equal probability (p = 0.5) for the two possibili
ties (O, l ). Therefore, from the standpoint of the receiver, the 
probability of correctly identifying the bit being transmitted is 
p = 0.5 because of chance· alone. An operative remote-sensing 
channel could then be expected to alter the probability of 
correct identification to ;i. value p = 0.5 + 1/1, where the param
eter ,p satisfies O < I tJ, I< 0.5. (The quantity may be positive 
or negative depending on whether the paranormal channel 
resalts in so-called psi-hitting or psi-missing.) Good psi func
tioning on a repetitive task has been observed to result in 1/J = 
0.12, as reported by Ryz.l [ '.l lJ . Therefore, to indicate the 
·~esig:n - procedure, let us .\.assume a . baseline psi parameter 
1/Jb = 0.1 and de~gn a cominu~ication system on this basis. 

1-
Ul 
z 
~ w 50 ~--r-----r--r---.-----,---,----.----, 

<( ~ 
Ul w 
~6 40 
Uw 
I- Ul 
<( 

::; ~ 30 
lL <( 

0~ 

5~ 20 
O'.l 
::; f
:J W 
2 ~ 10 
W<( 
> I-
I- : 

DECISION 1 
Accept .. 1 "' as 
the Bit Being 
Transmitted 

2 
Accept ··o·· as 
the Bit Being 
Transmitted 

'.S ;- OL--...IC.---'---'----"----'----'---'---~ 
:, 
:.;; 
:, 
u 

0 10 20 30 40 50 60 70 50 

NUMBER 0° TRIALS 

Fig. 18. Enhancement of signal-to-noise ratio by sequential sam;ling 
procedure (p 0 = 0.4, p 1 = 0.6, :r = 0.01, /J = 0.01): 

The question to be addressed is whether, after repeated 
transmission, a given message bit is labeled a "I" at a low :ate 
Po commensurate with the hypothesis Ho that the bit in q:.ies
tion is a "O," or at a higher rate J:, l commensurate with the 
hypothesis H 1 that the bit in ques:ion is indeed a "1." The 
decision-making process requires :he specification of f:rnr 
parameters. 

Po The probability of labeling in:orrectly a "O" messag: bit 
as a "1." The probability of labeling correctly a "(;' as 
a "O" is p = 0.5 + Vlb = 0.6. Therefore, the probablity 
of labeling incorrectly a "O" as a "l" is 1 - p = 0.4 = p 0 • 

p I The probability of labeling correctly a "l" message bit 
as a "l," is given by p 1 = 0.5 "*" 1Pb = 0.6. 

a The probability of rejecting a correct identification for 
a "O" (Type I error). We shall take a= 0.0 I. 

~ The probability of accepting an incorrect identifica:ion 
for a "l" (Type II error). We shall take~= 0.01. 

With the parameters thus specifie:i, the sequential sarnpI.ing 
procedure provides for construction of a decision grap::. as 
shown in Fig. 18. The equations fo, the upper and lower limit 
lines are 

where 

L =di +SN 
1 

L =-do+SN 
0 

1 - ~ 
log--. 

a 
1 - a 

log--

d1=----
P1 1 - Po 

log---

~ dij=---~-
P1 1 - Po 

log---
Po 1 - P 1 

1 - Po 
log--

I - P S= 1 
P1 1 - Po 

log---
Po l - P1 

Po 1 - P 1 

ih which S is the slope, N is the number of trials, and d 1 and 
do are the y-axis intercepts. A cumulative record of recerfer
generated responses to the target bit is compiled until either 
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>-~ 1.0 viewing. The target, detennined by random procedure, was 
"t; ~ White's Plaza, a plaza with fountain at Stanford University 
t -~ (shown in Fig. 8). As is our standard protocol, the experi-
8 ~ 0.8 menter with the subject is kept ignorant of the specific target 

0 g visited as well as the contents of the target pool. The experi-
c g, menter's statemeqts and questions are italics. 

~ 1; 0·6 Today is .Mo11dqy, October 7th. ft is 11 :00 and rhiJ is a re-
.g ~ mote viewing experiment with Russ Targ, Phyllis Cole, and Hal 
n ~ Puthoff In this:experilnent Hai \Viii drive to a remote site 
- :G 0.4 >- E chosen by a ra11dom process. Phyllis Cole will be rhe remote 
t: °' viewer, and Russ Targ is the monitor. We expect this experi-
...J .S 
00 

.!:: o.
2 

me11t to start at 'twenty minutes after eleven and run for fif-
<i:: E teen minutes. 
::, k, UJ o:; ft is just about 'twenty minutes after eleven end Hal should 
a: tJ o be at his target location by now. 

+0.4 +0.2 O -0.2 -0.4 Why don't you tell me what kind of picturn you ;ee and 
1/1 (psi parameter) what you think he,might be doing or experiencir.g. 

Fig. 19. Reliability curve for sequential sampling procedure (p 0 = 0.4, 
P, =0.6,a=0.0!,/l=0.01). 

the upper or the lower limit line is reached, at which point a 
decision is made to accept O or 1 as the bit being transmitted. 

Channel reliability (probability of correctly determining 
message being transmitted) as a function of operative psi 
parameter t/1 is plotted in Fig. 19. As observed, the sequential 
sampling procedure can result in 90 percent or greater reliability 
with psi parameters on the order of a fevt percent. 

Implementation of the sequential sampling procedure re
quires the transmission of a message coded in binary digits. 
Therefore, the target space must consist of dichotomous ele
ments such as the white and green cards used in the experi
ments by Ryzl. 

In operation, a sequence corresponding to the target bit (O 
or 1) is sent and the cumulative entries are made (Fig. 18) until 
a decision is reached to accept either a 1 or a O as th'e bit being 
transmitted. At a prearranged time, the next sequence ~ 
begun and continues as above until the entire message has been 
received. A useful alternative, which relieves the percipient of 
the burden of being aware of his self-contradiction from trial 
to trial, consists of cycling through the entire message repeti
tively and entering each response on its associated graph until 
a decision has been reached on all message bits. The authors 
have used this technique successfully in a pilot study, but a 
discussion of this would take us beyond the intended scope of 
this paper. 

From the results obtained in such experiments, the channel 
bit rate can be ascertained for the system configuration under 
consideration. Furthennore, bit rates for other degrees of 
reliability (i.e., for other Po, p 1 , a:, and /3) can be estimated by 
construction of other decision curves over the same data base 
and thus provide a measure of the bit rate per degree of 
reliability. · 

In summary, the proce<;lures described here can provide for a 
specification of the characteristics of a remote-sensing channel 
under well-define.ct conditions. These procedures also provide 
for a detennination of. the feasibility of such a channel for 
particular applications. 

APPENDIX B 
REMOTE-VIEWING TRANSCRIPT 

Following is the unedited transcript of the first experiment 
.. ·• with an SRI ·volunteer (SQ),-a mathematician in the computer· 

science labo~atory, with· no previous experience in remote 

The first thing that came to mind was some sort of a large, 
square kind of a s:hape. Like Hal was in front of it. It was a 
. .. not a building: or something, it was a square. I don't know 
if it was a window, but something like that so that the bottom 
line of it was not at the ground. About where his waist was, at 
least. That's wha! it seemed to me. It seems outdoors some- r 

how. Tree. 
Does Hal seem to be looking at that square? 
I don't know. the first impression was that ht wasn't, but I 

have a sense that .whatever it was was something one might 
look at. I don't know if it would be a sign, but something that 
one might look at.' 

Can you tell if i/is on the ground or vertical? 
q seemed vertical. 
I don't have a sense that it was part of anything particular. 

It might be on a :building or part of a building, but I don't 
know. There was :a tree outside, but I also got the impression 
of cement. I don!t have the impression of very many people 
or traffic either. :I have the sense that he is sort of walking 
back and forth. i don't have any more explicit picture than 
that. 

Can you move into where he is standing and rry to see what 
he is looking at? · 

I picked up he Was touching something-something rough. 
Maybe wann and rough. Something possibly like cement. 

It is twenty-four minutes after eleven. 
Can you change'. your point of view and move above the 

scene so you can get a bigger picture of what's there? 
I still see some trees and some sort of pavement or some

thing like that. Might be a courtyard. The thing that came to 
mind was it might ;be one of the plazas at Stanford campus or 
something like that, cement. 

Some kinds of landscaping. ~ 

· 1 said Stanford campus when I started to see some things in 
White Plaza, but I think that is misleading. 

I have the sense: that he's not moving around too much. 
That it's in a small area. 

I guess I'll go ahead and say it, but I'm afraid I'm just putting 
on my impressions; from Stanford campus. I had the impres
sion of a fountain.·- There are two in the plaza, and it seemed 
that Hal was possibly near the, what they call Mem Claw. 

What is that? · 
It's a fountain that looks rather like a claw. It's a black 

!iculpture. And it has benches around it made of cement. 
Are there any buildings at t{le place you are looking at? Are 

there any buildings? You described a kind of a courtyard. 
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Usually at some places there should be a building, large or 
small that the courtyard is about. Loo"k at the end or the sides 
of the counyard. Is there anything to be seen? 

I have a sense Li.at there are buildings. It's not solid build
ings. I mun there are some around th<; periphery and I have a 
sense that wne of them are very tall. Maybe mostly one story, 
maybe an c..:casional two story one. 

Do you i:ave ar.y better idea of what your square was that 
you saw at :he ouuet? 

No. I codd haz.ud different kinds of guesses. 
Does it se,m pan: of this scene? 
It ... I think it could be. It could almost be a bulletin board 

or somethir.g with not.ices on it maybe. 
Or somefaing tbt people are expected to look at. Maybe a 

window wi:h thin~ in it that people were expected to look at. 
What kine of tre,s do you see in this place? 
I don't bow wtat kind they are. The impression was that 

they were s...'rnde t~ees and not terribly big. Maybe 12 fee,t"of 
trunk and ,hen a .:ertain amount of branches above that. · So 
that the brmches have maybe a 12 foot diameter, or some
thing. Not :eal big trees. 

New tree, rather than old trees? 
Yeah, maybe 5 er 10 years old, but not real old ones. 
Is there ar.y thing interesting about the pavement? 
No. It ~ems tJ be not terribly new or terribly old. Not 

very intere;ting. There seems to be some bits of landscaping 
around. Lttle p~:ches of grass around the edges and periph
eries. Mayte some flowers. But, not lush. 

You saw :ome b:nches. Do you want to tell me about them? 
. Well, tha,'s my unsure feeling about this fountain. There 
was some kind of benches of cement. Curved benches, it felt 
like. 

They were of ro:igh cement. 
What do )OU think Hal is doing while he is there? 
I ha¥e a ;ense L'1at he is looking at things trying to project 

them. Looking a, different things and sort of walking back 
and forth not covering a whole lot of territory. 

Sometimes standing still while he looks around. 
I just had the impression of him talking, and I almost sense 

that it was being recorded or something. I don't know if he 
has a tape recorder, but if it's not that, then he is saying some
thing becar:se it needed to be remembered. It's 11 :33. He's 
just probab':y getting ready to come back. 
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The Persistent Paradox of Psychic Phenomena: 

An E·ngineering Perspective 

ROBERT G. JAHN 

Invited Paper 

Abstract-Although a variety of so-called psychic phenomena have at
tracied man's attention throughout recorded history, organized scholarly 
effo1rt to comprehend such effects is just one century old, and systematic 
academic research roughly half that age. Over recent years, a sizeable 
spectrnm of evidence has been brought forth from reputable laboratories 
in s.:veral disciplines to suggest that at times human consciousness can 
acquire information inaccessible by any known phys:ical mechanism 
(ESP), and can influence the behavior of physical systems or processes 
(PK), but even the most rigorous and sophisticated of these studies 
displlay a characteristk dilemma: The experimental results are rarely rep
licable in the strict scientific sense, but the anomalous yields are well 
beyond chance expectations and a number of common features thread 
through the broad range of reported effects. Various attempts at theoret
ical modeling have so far shown little functional value in explicating 

.• pxperimental results, but have served to stimulate fundamental re-exam
ination of the role of consciousness in the determination of physical 
reality. Further careful study of this formidable field seems justified, 
but only within the context of very well conceived and technically im
peccable experiments of large data-base capability, with disciplined at
tention to the pertinent aesthetic factors, and with more constructive 
involvement of the critical community. 

Prologue 

''The world of psychic phenomena might be likened to a vast, 
f og·shrouded swamp, wherein are reported to dwell a bewilder
ing array of bizarre phenomenological creatures, all foreign to 

. our normal perceptual and analytical catalogs. Some scholars 
· ~ho ha)'.e explored this clouded domain have returned to an· 
· nouhce_-ca'tegorically that all such life is illusory-mere sunken 
stumps and swirling subsurface shadows, inviting misperception 
by the gullible and misrepresentation by the purveyors. But 
others of comparable conviction have described in minute de
tail their observations of a variety of extraordinary beings of 
awesome dimensions and capability. Some of these are claimed 
to appear unexpectedly, erupting from the roily depths to 
flash momentarily in the sunlight of human experience, only 
to disappear again before any systematic calibration of their 
characteristics can be taken. Others are reportedly enticed to 
more replicable and controlled behavior, but only by persons 
of special talent or extensive training. Much invalid, even 
fraudulent evidence of such activity has been touted by ex· 
ploiters of these mysteries, thereby casting deep suspicion on 
all other testimony. When fully sifted, only a very few legiti· 
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work was supported in part by the McDonnell Foundation, Inc., and 
by 1the John E. Fetzer Foundation, Inc., The Explorers Club, the Insti
tute, of Noetic Sciences, and the Little River Foundation. 

The author is Dean of the School of Engineering/Applied Science, 
Prili1ceton University, Princeton, NJ Q8544. 

mate specimen,· seem to hai·e been :aptured, by tec:ouJly le
liberate trolling of the braC::ish do-rwin, or by mo·e inci1:ve 
invasion of its turbid interior, and even these have -;Jro~·en so 
incomprehensible and so dei:,·ate to exposure, and the imposed 
criteria for their credibility r.ave ban so severe, that ,hey h2ve 
not been fully persuasive. ret the goal remains alluring, .::nd 
the search continues. 

INTRODUCTION 

W
ITH THIS unlikely bit of a.:legorical musing. I Yenl'.lre 
to begin the most extraordinary writing task I h.:ve yet 
attempted: to respond to ,he request of tr.e Edi10rs 

of this journal for a critical review of the status and prognosis 
of scientific re.search into so-called psychic phenomena. I do 
so with some trepidation, Erst because the topic i; far from 
my principal line of schola.-ship and my involveme:it wifa it 
has been brief and tightly circumscribed, and second, because 
of the intensity of reactions any commentary on this subject 
tends to call forth from many quarters. 

For these reasons, it may te well at the outset to specify my 
perspective on the field and the purpose that I hope this article 
will serve. My formal trainir,g is that of an engineer a;,d applied 
physicist, and the bulk of my research has concerned a sequence 
of topics in the broad domain of the aerospace sciences: Fluid 
mechanics, ionized gases, plasmadynamics, and electric propul
sion. In my present position as Dean of the School of Engineer
ing and Applied Science of Princeton University, I have occa
sion to be involved with an even broader selection of topics 
selected for undergraduate independent projects, and it was 
in that context some four years ago that I was requested by 
one of our very best students to supervise a study of psychic 
phenomena. More specifically, this young lady proposed to 
bring her talents and background in electrical engineering and 
computer science to bear on some experiments in controlled, 
low-level psychokinesis. Although I had no.previous experience, 
professional or personal, with this subject, for a Yariety of 
pedagogical reasons I agreed, and together we mapped a tenta
tive scholarly path, involving a literature search, visits to appro
priate laboratories and professional meetings, and the design, 
construction, and operation of simple experiments. My initial 
oversight role in this project led to a degree of personal involve
ment with it, and that to a growing intellectual bemusement, 
to the extent that by the time this student graduated, I was 
persuaded that this was a legitimate field for a high technologist 
to· study and that I would enjoy continuing to do so. 
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I have sin~fQN~QJF,.'tfn~~h~ofessional staff, secured the accepted such events rather rout1:iely. Indeed, the Bible 1s an 

requisite funding from a few private sources, and undertaken excellent catalog of psychic pher.omena; virtually every cate-
a modest experimental program in selected aspects of the field gory of effect ident/fied today is illustrated there in one form 
that could ultimately have some engineering implications. I or another. 
should emphasize that my fractional involvement with this Christian writers .and philosopr.ers, from Augustine to the 
program remains quite minor in comparison to my other re- Reformation, recotint many purtorted instances of psychic 
sponsibilities, and that the work is still very preliminary and phenomena, usually attributed tJ visitations of divine grace 
tentative, but it provides the base of cognizance for my broader or demonic posession. Secular m~dieval writing also abounds 
observations on the field as a whole. with supernatural and mystical :eference, and even in the 

The intention of this article is to provide some balanced per- Renaissance period it is still difficult to separate psychic allu- -
spective on the modem status of this conceptually and Jogis- sion from religious <;logrna, althoupi both were then translated 
tically difficult subject. Certainly no field of scholarly endeavor into more organized forms in art md liternture. Early in the 
has proven more frustrating, nor has been more abused and 16th century the c~lebrated Swis; physician and philosopher 
misunderstood, than the study of psychic phenomena. Dealing Paracelsus wrote ex'tensively on ;sychic capabilities and po-
as it does as much with impressionistic and aesthetic evidence tentialities. In his words: 
as with analytical substance, and carrying by its nature strongly The mind of man is the microcrnmic counterpart of the uni-
subjective and numenistic overtones, it has been incessantly versal mind ......... One man mz:1 communicate his thoughts 
prostituted by charlatans, lunatics, and sensationalists, catego- to another with whdm he is in symp.c:hy, at any distance however 

great it may be, or he may act upo:. the spirit of another person 
rically rejected by most of the scientific establishment, and in such a manner as to influence his 1ctions .... [ 8 J . 
widely misunderstood by tjle public at large. Interspersed Perhaps the first major scientific commentaries on the topic 
with this, and greatly encumbered by it, a pattern of legitimate were offered near the turn of the 1 'i:h century by Sir Francis Ba-
effort to comprehend and utilize the purported phenomena con, widely regarded :as the origina:or of the scientific method. 
has evolved to a point where some dispassionate assessment of In The A dvancemeni of Learning J.e suggested that "supersti-
its accomplishments can be attempted. The questions addressed tions and the like" should not te excluded from scientific 
by this review are whether, once the overburdens of illegitimate t d d . h' · th u · k s z Sylvarum he s u y, an in 1s pos umo s coo ., y va , 
activity and irresponsible criticism are removed, there remains proposed deliberate investigation o: telepathic dreams, psychic 
sufficient residue of valid evidence to justify continued research healing, and the influence of "imc.pnation" on the casting of 
and, if so, how this research might most effectively be styled, dice [9 ]. Some years later, a gnup of British intellectuals 
facilitated, and evaluated. including Henry Mote and Josepr.. Glanvill met regularly to 

Before addressing these issues directly, it may be helpful to discuss paranormal topics, and b 1681 Glanvill published 
review briefly the historical evolution of the field, its contem- the substance of the~e studies in 1 book entitled Saducismus 
porary nomenclature and .conceptual organization, and the Triumphatus [ 101. 
dimensions of current activity. This can then be followed by Meanwhile, some four centuries o: public and church hysteria 
a general overview and critique of the modern research, and over sorcery and wit~hcraft, as mmifested in a sequence of 
that in tum by more detailed description of a few s·pecific trials, tortures, and executions, had begun to subside, and by 
efforts, drawn primarily from our own work. Toward the the mid-18th century' the Roman Church authorized Prospero 
close, we shall attempt to survey several theoretical approaches Lambertini, who later became Po;ie Benedict XIV, to carry 
to modeling of psychic processes and comment briefly on po- out a scholarly investigation of r·er,Jrts of psychic events. His 
tential implications and applications of the phenomena. In all 1 . d d · D c · t · [ 11] u pns· cone us10ns, recor e m e . anon:::.a wne , were s r -
of this, no tone of advocacy is intended, other than for objec- . gl 1 . t· al 1 th t 1) hi x en· ces m y unecc es1as 1c :. name y, :; psyc c e p en 
tive assessment of the evidence in hand. 

HISTORY 
In a sense, the study of psychic phenomena is one of the 

oldest of human endeavors [ 1 ]- [ 7]. As far back as can be 
traced, mortal man has pondered the supernatural in one form 
or another. Cave drawings at Lascaux and Altamira, circa 
20 000 B.C., reflect this preoccupation, and the .religious 
rites of early societies of both the eastern and western worlds 
were heavily loaded with psychic formalisms. The classic 
civilizations of Egypt, Greece, and Rome dealt extensively in 
psychic process. The Delphic Oracle was politically important 
from the earliest Hellenic times to the age of Alexander the 
Great, and was consulted on problems as diverse as the proper 
measures to stop a plague, the constitutions of Greek city-states, 
and the best locations for new colonies. Even Aristotle, one of 
the most empirical of the classical philosophers, examined the 
causal links in prophetic dreams. 

Virtually every form of organized religion practiced by man 
has been thoroughly laced with various forms of psychic mech
anism. The Bible, like most other basic theological texts, treats 
psychic process as a central higredient, in a tone so matter-of
fact that one is inclined to believe. that people of those times 

were not necessarily divine miracles.. but could occur to "fools, 
idiots, melancholy persons, and brute beasts"; 2) apparitions 
had little to do with sanctity or demonic entities; 3) prophesy 
occurs more often in sleep than in waking; 4) it is difficult for 
a prophet to distinguish his own fuoughts from extrasensory 
messages; and 5) predictions frequtntly take symbolic forms. 
In all of these, he presaged to sorr:e degree modern thoughts 
on these topics. 

At roughly the same time, Anton 1fesmer's discovery of hyp
nosis opened an alternative route to demonstration and study 
of unconscious psychic process that has continued to this day. 
Early reports of hypnotized subjects performing telepathic or 
clairvoyant tasks were common [ I 2l, [ 13), and although much 
of this evidence migh~ now be discounted on the basis of in
adequate experimental .:control, inter>...st in hypnosis specifically, 
and in various altered states of consciousness generally, as 
facilitators of psychic. experience persists into some of the 
modern experimentation. 

Also in this mid-18th century p:riod, a spiritualist move
ment focused on extrasensory contact with the dead, possibly 
influenced by the wor~ of Emanuel Swedenborg [ 14], [I 5], 
germinated in this country as well as in England, and by the 
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religion. Sym~olic of the popular preoccupation ~th the topic, ... the relationship between' doctor and patient, especially 
Mary Todd Lincoln was reported to have held seances in the when a transference on the part of the patient occurs, or a more 
White House in the early I 860's [ 16]. A classic two-volume or less unconscious identificHion of doctor and patient, can lead 
work by F. W. H. Myers, entitled Human Personality and the to parapsychological phenori:~na I Juve frequently run into this 
Survival of Bodily Death (17], brought the topic to its acme (30). 
of sophistication, but eventually the fanaticism the movement Jung's collaboration with the eminent physicist Wolfgang Pauli 
attracted and its fraudulent exploitation created a negative on the topic of synch~onicity clearly influenced the subsequent 
attitude :in the scholarly community which prevails yet today. evolution of both careers and of fundamental concepts in both 

Despite these millennia of human concern with the paranor- disciplines [ 31]. Although much of the established psychologi-
mal, orderly and organized scholarly search for verification and cal community has since rejected parapsychology as a valid 
understanding of psychic phenomena began only a century discipline, some interest has been retained by a few clinical 
ago, with the establishment in London in J 882 of the Society practitioners, presumably because of the demonstrated con-
for Psychical Research, in whose Proceedings appeared the first comitance and similarities of apparent psychic experiences 
formal publication of controlled experiments in telepathy and with certain psychological processes [32], [33]. 
clairvoyance [ 13], [ 18], [ 19]. Three years later the counter- It was also early in this century that the first organized 
part organization in this country, the American Society for academic studies of psychic phenomena were mounted. One 
Psychical Research, was founded in Boston by several distin- of the more visible of these devolved from gifts and a bequest 
guished scientists and philosophers. Because of financial from Thomas W. Stanford, b.other of the founder of Stanford 
difficulty, this shortly merged with the British group, but re- University, to endow psychic research at that institution, and 
emerged in 1905 as a separate entity with its own professional to this day the university provides support of a "psychic research 
journal, and has continued as such to the present [ 20]. fellow" and retains a collection of so-<:alled "apports" indicative 

Although the SPR attracted a barrage of criticism from the of the donor's long personal involvement with the field. Modest 
scientific and intellectual communities, it also attracted research programs were also undertaken at Harvard and a few 
significant participation of eminent scholars from established European universities in the first decades of this century, as 
fields. Numbered among its presidents are three Nobel Lau- evidenced by occasional publications in various established 
reates, ten Fellows of the Royal Society, one Prime Minister, journals. 
and a substantial list of physicists and philosophers, including The benchmark academic effort, however, germinated at 
Hemy Sidgwick, Frederic W. H. Myers, Lord Rayleigh, Sir J. J. Duke University in the late 1920's, when William McDougall, 
Thomson, William McDougall, Edmund Gurney, Sir William who had been James' successor at Harvard, arrived to chair the 
Crookes, Sir William Barrett, Henri Bergson, Arthur, Earl of department of psychology 2nd appointed J. B. Rhine and 
Balfour, Gardner Murphy, G. N. M. Tyrell, Charles Richet, Louisa Rhine, "to study the claims to scientific value of the 
Gilbert Murray, and one of the most articulate contributors to field known as psychical research." Their early tentative 
the evolution of critical thought on this topic in this period, efforts in the study of postmortem survival gradually evolved 
the Harvard psychologist and philosopher, William James. into a laboratory for controlled research in "extrasensory per-
One of the founders of the ASPR, James wrote extensively ception," as they first termed the process. In)his laboratory 
and eloquently on behalf of objective and disciplined study of were established many of the basic concepts and protocols of 
psychic phenomena (21]-[25]: moderp psychic research, as well as the first extensive and sys- -: 

Any one with a healthy sense for evidence, a sense not methodi- tematic data bases of several types of psychic experimentation. 
cally blunted by the sectarianism of 'science,' ought now, it The professional and personal history of the Rhines and their 
seems to me, to feel that exalted sensibilities and memories, laboratory is a fascinating saga in its own right, but would take 
veridical phantasms, haunted houses, trances with supernormal us too far afield here [ 34 ]-[ 3 7] . A few excerpts from a 196 7 
faculty, and even experimental thought-transference, are natural address of J. B. Rhine to the . .\.merican Psychological Associa-
kinds of (phenomena) which ought, just like other natural events, tion, in which he attempted to summarize his first two decades 
to be followed up with scientific curiosity [25). of intensive study, give hint of the inherent attractions and 

Entering the 20th century, a new perspective on psychic phe- frustrations of this field, and of the man's optimistic vision: 
nomena was provided by the emergence of psychology as a The phenomena that were being studied began to show lawful 
scholarly discipline, and especially by the early efforts in clinical interrelations and even a degree of unity. One by one the major 
psychology and psychoanalytic therapy. The patriarch of this claims, based originally only upon spontaneous human experi-
evolution, Sigmund Freud, was a member of the SPR and con- ences, were subjected to labora,ory test and experimentally veri-
tribu ted, albeit somewhat reluctantly, to its publications ( 26] , fled... . Certain general characteristics of the psi process became 
[ 2 7] . His recognition and exploration of the unconscious clear during this period. The most revealing of these is the sub-
mind and of the function of dreams prompted Myers to suggest ject's lack of conscious control oYer any type of psi ability, a 
a possible explication of various psychic effects which is still characteristic which accounts for its elusive nature. It was new 
of theoretical value [ 17]. Freud's interest in parapsychology methodological ground, even for psychology .... Also, we were 
increased toward the end of his life, and he is reported to have surprised to find that psi abilit)' is widespread, probably even a 

specific human capacity rather than a capability possessed by a 
conceded. informally that were he to begin his career anew, he few rare individuals as had been the popular belief. Evidence 
would focus on this topic. that psi is not linked l'.ith illness or abnormality was another 

Freud's former protege, Carl Jung, who had written his Ph.D. welcome advance .... By 1951 ... a healthy young science was 
thesis on the psychology of occult phenomena, pursued ex- emerging [38). 
p!oration of the unconscious to deeper dim~nsions of para- In 193 7, the Rhines began publication of the Journal of 
normal experience, publishing widely on such subjects as telep- Parapsychology, which remains a leading journal in the field 
athy, m1~diumship, synchronicity, the collective unconscious, today. A professional organization calling itself the Parapsy-
and theoretical models of psychic process [28]-[30]. In chological Association was formed in 1957, and in 1969 was 
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accepted as an affiliate by the American Association for the 
Advancement of Science. 

At the present time, there are eight English language publica
tions covering this field (39], supplemented by numerou~ less 
formal magazines and countless books of widely varying quality 
and relevance. Research activity is reported from some twenty 
U.S. universities and colleges and at least as many institutions 
in Western Europe [ 40], but in most cases it is of very small 
scale. There are very few academic programs of study, although 
some fifty M.A. and Ph.D. theses have been accepted on psychic 
topics at reputable universities over the past forty years [ 41) . 
Some ten research institutes and private corporations in the 
United States have also authorized publications and reports in 
the field [ 4 2). The extent of Eastern Bloc and Oriental efforts 
[ 43 ]-[ 54] and of classified research in this country are matters 
of considerable speculation on which I cannot comment with 
authority. 

Further review of contemporary programs will be attempted 
in subsequent sections, following an outline of modern nomen
clature and conceptual organization of the topic. In closing this 
historical overview, we might simply observe that in many re
spects the growth pattern of this field resembles that of the 
natural sciences in their earliest days, or perhaps even more 
the incubation of classical psychology, in terms of the ab
sence of replicable basic experiments and useful theoretical 
models, the low level of financial support and internal profes
sional coordination, and the low credibility in the academic 
establishment and public sectors. Also like those fields, the 
survival and early growth of psychic research can largely be 
attributed to the efforts of a few scholars of sufficient convic
tion, stature, and courage to withstand the rejection of the 
orthodox communities. 

NOMENCLATUR: AND CONCEPTUAL ORGANIZATION 

Before turning to an assessment of contemporary research, 
it may be useful to specify some notation and delineation of 
the field, to an extent consistent with the present limited 
comp!ehension of the phenomena. First, Jet us agree to a 
global definition of "psychic phenomena" (frequently denoted 
by "psi" or "1"") to include all processes of information and/or 
energy exchange which involve animate consciousness in a 
manner not currently explicable in terms of known science. 
Similarly, let "psychic research" imply any scholarly study of 
such phenomena employing scientific methodology, as opposed 
to any dogmatic, ritualistic, or theological approaches. Within 
these definitions, the field may then be roughly divided into 
two major categories: extrasensory perception (ESP) and 
psychokinesis (PK). 

ESP refers generally to the acquisition of information from 
sources blocked from ordinary perception. Under this category 
are included such subdivisions as telepathy, which refers to 
detection of another person's thoughts; clairvoyance, which 
refers to contemporary perception of remote physical objects 
or events; precognition and retrocognition, which refer to 
perception of future events and events'· in the past not accessible 
by normal recollection; and animal ESP, which encompasses a 
variety of seemingly inexplicable capabilities, such as homing, 
psi-trailing, collective behavior, communication, etc. 

PK (occasionally termed telekinesis, or psychoenergetics) re
fers to a palpable influence of consciousness on a physical or 
biologic~ system. The interaction may be deliberate or spon
taneous, and the energy transfe'r involved may range from 
microscopic disturbance of atomic-level processes, through 

macroscopic distortion or levitation of objects, up to some 
very drastic "poltergdist" effects. Psychic healing and mm
plant interactions wo11ld be two examples of PK in biologkal 
systems. i 

Note that in its maior subdivision into ESP and PK, the fi~ld 
conforms to two of tile main categories of present-day scie:ice 
and high technology, i,e., that encompassing the extraction, on
version, transmission.' storage, and utilization of informatiJn, 
and that comprising r&e same sequence of processing of energy. 
Other domains of ps>:chic research can be identified which do 
not fit into these majo, categories of ESP and PK and with which 
we shall not be further concerned in this article. Exam;-les 
would include research into survival of death, and the far.,ily 
of ''out-of-body exp~riences (OBE),'' including astral prc,:~c
tion, autoscopy, and bilocation. The following table at1err.~ts 
to summarize the subdivisions in a concise form. 

Categories of Psychic Phenomena 

I. Extrasensory Perception (ESP) 
A. Telepathy 
B. ,Clairvoyance 
C. Precognition/Retrocognition 
D. Animal ESP 

II. Psychokinesis (PK) 
A. :Physical Systems 
B. Biological Systems 

III. Survival 
A. : Reincarnation 
B. Apparitions 
C. : Mediumship 

IV. Out-of-Body Experiences (OBE). 

Oearly this particular arrangement is neither unique nor 
orthogonal. Elements of one category frequently appe2r in 
the context of another, e.g., precognitive clairvoyance; :ele
pathic healing, etc., and occasionally an assignment is ami:igu
ous, e.g., a particular effect may be regarded as precipitated 
by PK, or simply to be forecast by precognition. Notv.ith
standing, the table may aid in keeping the subsequent illuma
tions in some order. 

PATTERN OF CONTEMPORARY RESEARCH 

By its nature and lieritage, modern psychic research ren;ains 
rather diffuse and lightly structured, making any attempt to 
catalog the work by institution or laboratory, or by tracing 
developments of given lines of effort, rather ineffective and pre
mature. Instead, it may be more useful to comment on the 
pattern of attention t.o this field by academic disciplines, noting 
the variations in emphasis, methodology, representation, and 
interpretation brought to bear, using specific projects on!y as 
illustrations with noimplications of hierarchy or attempt at 
completeness. Even; in this format, no recitation of specific 
research results or cpnclusions will be attempted, since these 
can be misleading or incomprehensible when extracted irom 
the detailed context., of their experimental arrangements and 
protocols. In later sections, an effort will be made to follow a 
few sample experiments through to their particular results and 
conclusions. · 

By far the most sustained and broadcast attention to this 
field has been given by a cadre of scholars with professional 
backgrounds in classical psychology, comprising a controversial 
subdiscipline termed: "parapsychology." This group has tended 

· to approach the field with the tr:i.ditional psychological proto
cols and vocabulary,' and to interpret results in the context of 
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. In more recent years the attention of physicists has influenced 
with the natural consequence that they Have ~on~~ift'r':ltt!d 8 ·d~@6rQQ1Sili093dG0030001'.a:ts. Frnt, their in-
mainly on the ESP category of psychic tasks, although some 
PK work dots their recent literature. Perhaps the most exten
sive class of parapsychological research has attempted to 
correlate psychic performance with personality variables. The 
age, sex, creativity, openness, hostility, extroversion, motiva
tion, and intelligence of the participants as indices of ability to 
perfonrn ESP tasks have been explored at length, and some sig
nificant correlations, most notably ·with positive a priori atti
tudes toward the tasks and with outgoing, creative personalities, 
have been reported from several laboratories. Other studies 
have searched for connections between psychic performance 
and dream recall, learning and response strategies, memory, 
and feedback [55]-[61]. 

A more aggressive style of parapsychological research has in
voked a variety of altered states of consciousness in attempts 
to enhance psychic process. These have included various natu
ral and traditional practices, such as sleep, meditation, and pro
gressive relaxation [62]-[67]; more mechanical sensory in
hibition strategies such as hypnosis, isolation and "ganzfeld" 
[66], [68]-[70]; and a few controversial efforts with drug
induced states [ 71] . Physiological correlates have also been 
sought, using conventional EEG, GSR, and plethysmographic 
equipment to monitor neurological, cardiovascular, and mus
cular response to psychic effort [35], [72]-[75]. The diffi
culty of obtaining success_ful replications of previously positive 
results and an observed common tendency of participant per
formance to deteriorate over time ('·decline effect") have led 
to systematic study of the role of the experimenter in eliciting 
results, i.e., to consideration of the possible influence of the 
experimenter's personal attitudes, expectations, and styie of 
interaction with his subjects, as well as the overall environmental 
ambience of his laboratory, on the experimental yield [76]
[81].. 

D<ispite its present recalcitrance toward more systematic 
study of psychic phenomena, the richly diverse, rapidly matur
ing parent field of psychology continues to offer an expanding 
array of modern methodologies and models which could be 
brought to bear on increasingly sophisticated study of this sub
ject. Computer-assisted linguistic analyses; psychoneurological 
studies of attention, perception, and concept formation; social 
learning theory and similar approaches to human interactions.; 
and the emerging formulations of transpersonal and humanistic 
aspects of human consciousness, all bear possible relevance to 
comprehension of various aspects of this ultra-difficult step
child, but at the moment, the low level of financial support, 
and negative professional peer pressures have discouraged such 
enterprise. 

The involvement of physicists in psychic research, while con
siderably less extensive, has been no less dedicated and no less 
controversial. Since the days of Sir Francis Bacon, a number 
of noted physicists have made excursions into this field, 
usually to the bemusement and ridicule of their colleagues of 
the, day. One of the most notable of these was Sir William 
Crookes, discoverer of the element thallium and pioneer in 
th,e physics of low pressure discharges, whose broadside pro
fessional and personal battles with the scientific establishment 
ove:r this issue make entertaining, and possibly enlightening, 
reading [82]. Sir Isaac Newton was intensely involved in the 
study of alchemy, including some of its more metaphysical 
aspects [ 83], and as already mentioned, Lord Rayleigh and 
J . .T. Thomson were active members of the S.P.R. 

terests have focused more on tlie PK category of problems, i.e., 
the interaction of human'consc;iousness with physical syste~, 
to balance the predominant E~P interests of the parapsycholo
gists. Second, more sophisticated experimental equipment 
than has typically been available to the psychological com
munHy has been brought to bear on the identification and 
correlation of very low-level physical effects. Third, the trad.i
tion~l theoretical physics formalisms have been directed to the 
proposition of various models . of psychic phenomena, from 
whence has arisen some hope of establishing the tradition:il 
dialogue between critical experimentation and theoreticJ.1 
hypothesis essential to any ultimate comprehension and appli
cation of such phenomena. 

Typical of the modern physicist's specific contributions rn 
the field have been the development and application of a varie,y 
of electronic random event generators (REG) for the purpc:se 
of identifying and correlating PK abilities in human subjects 
[ 84 ]-[ 93 J, and similar application of magnetometers [ 94 J, 
torsional pendula [ 95 J, lasers [ 96 J, interierometers [ 97 J, and 
electronic strain gauges [ 98 J, [ 99 J to a variety of other PK 
tasks. On the theoretical side, a number of applications of qum
tum mechanics, statistical thermodynamics, electromagne:ic 
theory, and other formalisms to the representation of psychic 
process have been proposed [100]- [ 113 J, and attempts at 
some philosophical correlation of the phenomena with other 
previously or presently obscure physical processes have btm 
suggested [ 114 J. Again, despite the open identification of 
a few distinguished personalities with such efforts, a more 
broadly held categorical rejection of the field has inhibi:ed 
much collaborative or systematic attention to it. 

Up to this time, the involvement of engineers with psy c:iic 
research has been very recent, very sparse, and very much along 
the lines of the experimental physicists. Beyond our o·.vn 
program, which will be outlined in some detail below, I 1m 
aware of only a very few engineering laboratories addressing 
any aspects of the field in any substantial and deliberate way 
[ 115 J. These have so far tended to concentrate on applied ;.' 
physics types of experimentation and on aspects of infor:na
tion processing, rather than on more empirical technolog::cal 
applications. 

Another community of scholars to im1uence the pattem of 
psychic research comprises the statisticians and other appJied 
mathematicians and logicians who have been concerned v.ith 
the proper evaluation and interpretation of the research data. 
In the absence of any experiments displaying rigid causal 
replicability, all of the inferences and hypotheses about psy
chic phenomena have necessarily been based on either anec
dotal or statistical evidence. The former defy any systematic 
representation; the latter are vulnerable to alternative ir.ter
pretations and hence to impressionistic bias and argument. 

Early in the emergence of mathematical statistics as an 
integral discipline, S. S. Wilks found himself involved in a 
controversy over the validity of the statistical procedure, of 
early psychic researchers, and published some recommenda
tions for methods that could be applied to telepathy experi
ments [ 116]. Since that time, much of the commentary from 
the critical community has addressed perceived flaws in the 
statistical methodology underlying the experimental evidence 
[ 117], [ 118], and the advocate community has reacted by 
paying disproportionate attention to this aspect of their logic. 
Most of the encyclopaedic references in the field contain 
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substantial components on the statistical methods [ 119), 
and the leading journals regularly display intense dialogues on 
specific statistical issues [ 120 ]- [ 124). At least one of these 
journals routinely refers all articles submitted for publication to 
a consultant statistician as a part of their review process. A 
few illustrations of the statistical questions that can arise in 
psychic experiments appear in the detailed examples presented 
below. 

A number of other disciplines have played roles in the evolu
tion of the study of psychic process and continue to contribute, 
albeit somewhat more peripherally. A succession of philoso
phers, irom Aristotle through James and Bergson to C. D. Broad 
in the present era, have mused on these topics [ 21] - [ 25 J, 
[ 125 )-[ 129]. The intersections of the field with anthropology, 
theology, and history have been approached from many per
spectiYes ranging from aesthetic to analytic, and from dogmatic 
to scholarly [ 130 ]-[ 134]. Its relevance to the study and 
practice of medicine has been an enduring and intense debate, 
focusim: in the present day on the propriety and efficacy of 
holistic -health strategies and psychic healing. Isolated instances 
of interest on the p·art of chemists, biologists, geologists, and 
archaeologists can be found, and the application of psychic. 
techniques in criminology and law enforcement, while less 
rigorous than most of the academic efforts, contributes further 
anecdotal evidence to the overall data base. In the arts and 

.~umanities, the topic continues to provide stimuli for a variety 
of creative compositions. 

Still other areas could be cited, but these become progressively 
more satellite than central to the task of this paper. Rather 
than pursuing this disciplinary survey further, it seems prefer
able next to focus in greater detail on a few contemporary 
studies that can serve to illustrate more specifically the bizarre 
phenomena, the awkward and tedious protocols, and the un
conventional theoretical concepts that arise in this class of 
research. Although these will provide a better sense of the 
status of the field than any attempt to summarize results from 
the diffuse multidisciplinary pattern of effort sketched above, 
one general assessment may be useful at this point. Namely, 
throughout all of the work just skimmed, and that ~harpened 
somewhaf below, I am aware of no reputable investigator who 
has claimed, let alone demonstrated, any psychic experiment 
approaching classical scientific replicability. What have been 
put forward are a varied assortment of observations, currently 
inexplicable in terms of established science, which display cer
tain common phenomenological and psychological features, 
and which could have substantial implications for basic physical 
theory and ultimate practical applications. The following ex
amples are presented in that spirit. 

PSYCHOKINESIS 

The first group of experiments selected as more detailed illus
trations of contemporary psychic research are drawn from the 
general subdomain of PK. As defined above, this broad cate
gory of purported psychic phenomena encompasses the possible 
influence of human consciousness on the behavior of physical 
or biological systems or processes, and comprises several loosely 
related classes of effect characterized by different scales of 
energy, forms of manifestation, replicability, and statistical be
havior. Confining attention to inten1ctions with physical objects 
o,r systems, the most popularly 'publicized class features the de
formation, Ievfration, or other macroscopic disturbance of ob-
3ects, as co~monly propounded by yrofessimi.al performers, 
mediums, and various Eastern practitioners [!35]-[137). Al-

though a number of serious efforts have been made to submit 
such demonstrations to rigorous scientific testing, these have 
tended to yield only equivocal confimiations, fodder for the 
critical community, and some embarrassment and irustration 
to the investigators. 

Of a yet more bizarre nature are the family of very rare md 
spectacular "poltergei~t" effects, more technically termed 
"recurrent spontaneous psychokinesis" (RSPK), wherein are 
reported specific major events of levitation, vibration, telepor
tation, and breakage of a wide range of objects, a variety of 
acoustical and electromagnetic phenomena, and various optical 
aberrations [ 138), [ 139). For years these phenomena were 
naively attributed to manifestations of the spirit world, or return 
of the dead to "haunted" houses, and inspired countless ho:ror 
movies and pulp-magazine articles. Recently, some order has 
been brought to this weird business by systematic surveys oi 
documented poltergeist cases undertaken by A. R. G. Ov.-en, 
W. G. Roll, J. G. Pratt, and others [ 138]-[ 142). In one of 
these surveys, 116 cases of reported poltergeist acti;ity, r«ng
ing back to the year 1612, were re-examined. Oi these, 9:2 
were found to be asso¢iated with particular individuals li,ing 
in the affected dwelling, most of whom were adolescents, and 
most of whom were affected by some neurological-emotional 
ailment, most commonly epilepsy. Often a precipitating 
traumatic event could be identified which seemed to init:ate 
the activity, after which the general pattern involved a period 
of relatively inild

0 

precursor events, a sequence of major dis
turbances, and a period of "after shocks," extending as much 
as several weeks beyond ,the main events. Controlled experimen
tation on poltergeist ph~nomena has proven virtually impossible 
because of their infr¢quent and unpredictable occurrence 
pattern and because of the delicate physiological and emotional 
situations prevailing in most cases, which have taken precedence 
over the technical investigations. Nevertheless, these processes 
have retained some fascination because of the magnitude oi 
the energy transfer involved and because of their appruent 
correlation with specific types of i_ndividuals and neurological 
disorders. · 

The most systematic and persuasive studies of PK, however, 
have dealt with much more modest scales of physical distur
bance, in some cases re~ching down to the atomic level. This 
somewhat more viable domain has been addressed by numerous 
investigators in various ways, but basically one of two strategies 
is followed. In one appI'oach, relatively simple physical systems 
are employed-mechanical, electrical, optical, thermal, etc.,
each of which involves a particular component or process that 
is ultra-sensitive to disturbance. The experiment is arranged to 
signify such disturbance:by a relatively large change in some dis
play which provides feedback indication to the operator, much 
in the spirit of a biofeedback instrument, and simultaneously to 
provide some form of permanent data record. Examples of this 
class of experiment would include the use of magnetometers, 
torsional pendula, optfcal interferometers, electronic strain 
gauges, glow discharges [ 143], and sensitive thermistors [ 144]. 

In the second approach, attempt is made to distort the nor
mal statistical patterns of various random physical processes on 
either a microscopic or macroscopic scale. In a sense, these ex
periments deal with energy rearrangement within the systems, 
i.~., with their information content or entropy, rather than with 
energy transfer to the system per se. The earliest versions of 
this class employed dice, .or other simple mechanical implements 
of well-known statistical behavior [37), [92], [ 145]-[ 148], 
but more recent studies ;have tended to employ more sophisti-
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Fig. 1. Photograph and schematic of Fabry-Perot interferometer. 

cated apparatus, such as electronic REG's like those described 
in detail: below. 

Although the first two categories of PK feature more dramatic 
effects and thus have enjoyed greater popular attention, the 
smaller scale phenomena seem more amenable to controlled 
experimentation and theoretical interpretation, and the re
mainder of this section deals only with such. Perhaps the most 
efficient means of elaborating on this type of research would be 
to review briefly the spectrum of such experiments in progress 
in our own laboratory, and then to display and attempt to 
interpret data from one of them. In so doing, we intend no 
neglect of other work noted in the references, but simply deal 
from gr,~ater familiarity. 

As examples of the first class of low-level PK experiment 
mentioned above, we have in operation a Fabry-Perot optical 
interferometer, a dual-thermistor bridge, and a photoelastic 
strain detector. .In the interferometer experiment, shown in 
the photograph and schematic of Fig. 1, a Coherent Optics 
Instrument #360-3 70, using a diffuse sodium lamp as source, 
is adjusted to produce circular fringes on a screen visible to the 
operator (Fig. 2). Small changes in the separation of the inter
ferometer plates cause the fringes to migrate radially inward or 
outward. By visual observation of the fringe movement, plate 
motions of less than 0.1 wavelength can be readily detected. 
Via a pinhole in the screen, the brightness of the central fringe 
is recorded by a photomultiplier/chart recorder system at an 
order of magnitude higher sensitivity, thereby preserving quan
titative output data while the operator simultaneously sees an 
attractiY,e optical display of his progress for use as feedback. 

The task of the operator is to elicit significant migration of 

the fringe pattern in a stated direction relative to the normal 
baseline drift of the instrument. The protocols involve rigid 
control and monitoring of the environment of the instrument 
and ~urrounding laboratory, and the interspersing of baseline 
responses with active PK efforts obtained under otherwise 
identical conditions, including the position of the operator and 
any other personnel relative to the instrument. In pilot studies 
with this device, a variety of fractional-fringe responses were 
observed, using several different operators and various initial 
interferometer settings. A more formal procedure has since 
been developed which provides more precise conditions for 
an ongoing series of trials. In this protocol, the central fringe 
is set initially on a maximum gradient position between a 
bright and dark fringe, and its progress monitored for subse
quent periods of baseline or PK effort. Encouragingly repli
cable data have been obtained from a number of different 
operators, in the form of chart recordings of 5-min PK trials 
with interspersed 5-min baseline drifts of the instrument. Using 
computerized graphic, regression, and spectral analyses of the 
data, it is possible to discern characteristics in the hierarchy 
of trace derivatives and the Fourier spectra which, while not 
definitive, display certain recurrent features [ 97]. No physical 
interpretation has been attempted other than to acknowledge 
that .the observed fringe migrations could also be indicative 
of slight ·changes in the index of refraction of the air in the 
plate gap or in the wavelength of the light source, as well as of 
a displacement of the plates. 

Th.e dual-thermistor experiment comprises a much more sen
sitive version of a multiple-thermistor arrangement on which 
PK influence was originally reported by Schmeidler [ 144]. 
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Fig. 3. Dual-thermistor apparatus. 

the object is suspended on a photoelastic lever arm of suitable 
dimensions. 

Within the second category of low-level PK experiment, we 
are employing or are now constructing several devices based or. 
random physical proc~sses, some macroscopic in scale, others 
deriving from atomic-:,;cale processes. The largest of these in-

,.' •• volves a 6 X 10 ft apparatus, shown in Fig. 5, which drops som: 
10 000 ;} in spheres through a "quincunx" array of 336 nylor. 
pegs in about 12 min. As a consequence of the multitudinous 
collisions with the peg~ and with each other, the spheres are dis-

Fig. 2. Interferometer fringe patterns. persed into a good approximation of a Gaussian distributio::. 
as they fall into 19 c,ollecting compartments at the bottorr:.. 

As shown in Fig. 3, two Omega Engineering thermistors, The goal of the operator is to distort the distribution In some 
Model UVA 3 254, each with its own electronic bridge and volt- prescribed fashion to a significant degree compared to empirical 
age source, are connected differentially to a Tektronix 1 A 7 A baseline experience. J;lhotodiode counters mounted in funnels 
oscilloscope preamplifier and to a visual feedback display. With at the entrance to each bin provide real-time digital displays oi 
suitable ground planes and cable shielding, sensitivities greater the bin populations to supplement the more qualitative feedback 
than 0.001 K are obtainable, and by subtracting the two output of the growing ball st!l-cks seen by the operator and to provide 
signals the major portion of spurious electrical and mechanica} quantitative data for on-line statistical analysis. Fig. 5 shows 
interf~r~ce is eliminated. The effects of ambient thermal vari· a typical baseline distribution for this device and a distorted 
ations fo the laboratory are essentially excluded by enclosing distribution obtained in a particular PK effort. Full statistical 
each of the thermistors in identical Pyrex flasks immersed in analysis of the significance of any particular achieved pattern 
a large liquid reservoir, in which configuration the undisturbed is a challenging problem in its own right, since it must deal 
system exhibits stable baselines over long periods of time_ with a combination o,f 19 bin populations, each of which has 
Using the same interspersed baseline protocol as in the inter- its own empirical baseline mean and standard deviation, ill 
ferometer experiment, the task of the operator is to achieve an constrained by total ball count. 
increase in the reading of one thermistor with respect to .the A somewhat similar' experiment, not yet refined, employs a 
other or in some more subtle fashion to alter the PK response device which allows• small metallic or dielectric spheres to 
relative to the baseline. Some such effects have indeed been ot- bounce on an oplically flat, precisely horizontal circular plate 
served, but little systematic data have so far been accumulated of glass, which is oscillated by a vibration coil at frequencies 
on this experiment. from l O Hz to 20 000 Hz. In the absence of any external dis-

Also in a preliminary stage· is an experiment to monitor in- turbance, a sphere started at the center of the plate executes a 
temal strain in a solid specimen via photoelastic optical tech- random walk toward the outside edge, arriving with equal prob· 
niques. Several studies have been reported on the PK deforma- ability at any azimuth. Since the sphere may make as many as 
tion of solids, but most of these have employed conventional 105 collisions in the process, it is vulnerable to statistical clistor-
engineering strain gauges or microacoustic sensors as detectors tion of its trajectory and consequent terminus. The task of the 
[98), [ 99), [ 135), [ 149), [ 150), both of which require suv- operator is preferentially to direct the sphere to a prescribed 
stantial interface electronics before a feedback signal reaches terminal quadrant. 
the operator, leaving unclear the role of the sensor in any pos- In an attempt to intervene with a random physical process at 
sible PK influence. Although less-sensitive than the electronic (he atomic level, we' have constructed a large glow-discharge 
·?lethods, photoelastic techniqiles have the advantage of relating device whose luminous patterns are indicative of the mean free 

· the operator more directly to the .sensitive element of the ex- path of the current-<;:arrying electrons against inelastic excita-
periment via an attractive optical fringe pattern much like that tion collisions with the background gas. This device, shown in 
of the interferometer (Fig. 4 ). This _equipment and technique Fig. 6, presents a 36-ln X 2-in diam cylindrical glow marked by 
may also be applied to a sensitive levitation experiment wherein a sequence of bright and dark zones along its positive column 
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Fig. 4. Photoelastic stress pattern. 

Fig. 6. Glow discharge experiment. 

"NORMAL" DISTRIBUTION DISTORTED DISTRIBUTION 

Fig. 5. Gaussian analog device and distributions. 

typical of de discharges in a given range of gas pressure and 
terminal ,voltage. The number and locations of these striations 
are sensitive to the electron inelastic me~n free path, which in 

turn depends on the gas type and density, the electron tempera
ture, and the local electric field. Striation position is monitored 
by photoelectric detectors, and the goal of the operator is to 
expand or contract the pattern on demand, to a significant 
extent compared to the normal background jitter and drift. 
Protocols are much the same, output data take the same gen
eral form, and are analyzed by the same algorithms as in the 
interferometer and photoelastic experiments. 
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Fig. 7. Functional diagram of REG. 

(a) 

(b) 

(c) 

Fig. 8. REG waveforms: (a) Filtered noise. (b) Clipped noise. 
(c) Sampling pulses. 

A number of other atomic-scale random system PK experi
ments are under consideration, design, or construction, involv
ing such processes as information storage on a microelectronic 
chip, the spontaneous decay of phosphorescent surfaces, lam
inar to turbulent transition in a fluid stream, atomic and molec
ular resonators, and resonant acoustical or electrical cavities, 
but none of these is far enough advanced to merit description 
here. Rather, we shall concentrate for the remainder of this 
section on a more detailed presentation of our most serviceable 
experiment, and the one on which we have the largest data 
base, the electronic REG. 

RANDOM EVENT GENERA TOR EXPERIMENTS 

REG's have been the most widely used and most productive 
facilities for experimentation with. low-level PK. Although a 
broad variety cif such devices exist, most involve four conceptu
·ally and functionally separable components: an electronic noise 
source; a sampling system which examines the noise at pre-

scribed intervals and prepares an output pulse train correspond
ing to the samples thus obtained; a system which analyzes the 
pulse train in accorda.nce with preset instructions and prepares 
suitable output for a; feedback system; and the feedback dis
play itself, which informs the operator of the results of the 
sampling process. 

The particular versi.on we have employed utilizes a packaged 
commercial noise soutce module based on a solid-state junction 
and precision preamplifier (Elgenco Model 3602Al5 l 24 ), but 
modules employing radioactive decay units or glow discharges 
can be readily substituted. This source produces a random noise 
spectrum up to sever~ megahertz, which our logic circuit first 
filters to a flat spectrllm from 50 to 20 000 Hz, then amplifies 
and clips to the flat-topped profile shown in Figs. 7 and 8. This 
is. then sampled by a regular train of gate pulses, yielding a cor
responding random sliccession of positive and negative output 
pulses indicative of tht! sign of the noise at the time of sampling, 
and these are then counted. Since the averag~ time between 
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Fig. I 0. REG arrangement. 
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zero crossings of the clipped noise waveform is about 30 µs, 
sarnplir,g rates to about 15 000/s can be tolerated with statis
tical independence. 

counting system may be set to count only pJsiti,•e i>Jlses, only 
negative pulses, or to alternate positive anC: negatiYe counting 
on successive samples. The alternating pos::ive:neg:Hive mode 
effectively factors out any systematic bias ::1 the ncise source, 
and is the mode employed in all the experirrr.nts rei:,Jrted here. 
The counting results are displayed by LED c:..-ray:s trz..-:king both 
the running count of each trial and the co=current mean rela· 

The full functional array is sketched in Fig. 9, and a photo· 
graph of the boxed units in Fig. 10. By panel setting the 
sarnpk, may be instructed to take "trials" of JOO, 200, or 2000 
sarnpks, at a frequency of l, 10, I 00, I 000, or IO 000/s. The 
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TABLE l 

REG 200-SAMPLE DATA SUMMARY 

No. 
Series Instr. Trials ),,{can 

REG l B.L. 12 000 100.009 
PK+ 4 550 100.264 
PK- 3 850 99.509 
A PK 8 400 

REG II B.L. 2 500 100.033 
PK+ 1 950 100.24 7 
PK- 1 800 99.597 
A PK 3 750 

REG III B.L. 3 500 99.977 
PK+ 2 400 100.227 
PK- 2600 99.736 
A PK 5 000 

LREGI B.L. 18 000 100.006 
II PK+ 8 900 100.250 
Ill Pr 8 250 99.600 

A PK 17 150 

REG Ia no B.L. 
PK+ 2 150 100.206 
PK- 2100 99.945 
A PK 4 250 

REG Ila B.L. 5 000 100.186 
PK+ 2 000 100.117 
Pr 1 750 99.941 
A PK 3 750 

LREG I B.L. 23 000 100.045 
Ia 
lI PK+ 13 050 100.223 
Ila 
III PK- 12 100 99.709 

A PK 25 150 

tive to a preset origin rnd are permanently recorded on a strip 
printer. For most of the experiments described below, an AIM
.65 microprocessor interface is also utilized to insert the trial
count ~ata on-line into processing routines supported by a 
TERAK Model 8510 used as a terminal and PDP 11 /45 and 
VAX 750 employing a UNIX operating system programmed in 
C language. All of the sampling, counting, and display functions 
can be simply checked by referring them to an internal or ex
ternal calibrated pulse train generator. 

The device also has a manual/automatic option, whereby it 
will either collect its trial samples only when a panel switch 
or parallel remote switch is pushed, or it will repeat that process 
for 50 trials automatically once activated l:iy the switch. The 
operator thus has the option of triggering each trial or of 
initiating a repetitive flow of 50 such trials with no further 
intervention: · · 

The experiments reported here were performed by a single 
operator, seated in front of the device with the remote initia
tion switch in hand and the LED count indicators and TERAK 
terminal display visible. This operator-attempted, on instruc
tion or volition, to distort the trial counts either toward higher 
or lower values. The several options of sampling number, sam
pling frequency, +/- polarity, and manual/automatic sequenc-

. ing were variously determined by.random instruction, operator 
· preference, or experimental practicality, and recorded before 
the beginning of each trial. Qearly, the full-matrix of such pos
sibilities could not be explored, and for our first sequence of 

Std. 
Dev. t-score Pr n+/n _ 

6.994 0.144 0.443 5678/5611 
7.037 2.528 0.006 2230/2056 
7.063 ,-4.313 10-s 1716/1926 

4.890 5 X 10- 7 

6.875 0.239 0.406 1188/1179 
6.849 1.590 0.056 916/919 
6.775 -2.526 0.006 797 /902 

2.920 0.002 

7 .013 -0.193 0.424 1658/1655 
6.821 1.634 0.051 1150/1086 
7 .026 - 1.918 0.028 1192/1270 

2.507 0.006 

6.981 0.115 0.454 85 24/8445 
6.938 3.403 3 X 10- 4 4296/4061 
6.989 -5.203 10-? 3705/4098 

6.107 5 X 10-io 

7 .091 1.340 0.088 1059/993 
6.937 -0.365 0.358 954/1019 

1.213 0.113 

6.974 1.882 0.030 2367/2337 
7.041 0.746 0.228 955/950 
6.898 -0.360 0.359 803/839 

0.772 0.220 

6.980 0.978 0.164 10891/10782 

6.979 3.644 10- 4 6310/6004 

6.968 -4.596 2 X 10- 6 5462/5956 
5.828 3 X 10- 9 

experiments only 200-sample trials were used, at I 00 or I 0•j0 
counts/s, all counted in the +/- alternating mode. The ac::o
matic/manual and ~igh/low options were more thoroug::ly 
tested, in both the volitional and instructed choice modes. 

Fifty trials of the :wo-sample units comprised a test run, 2::id 
data from these were processed individually and in many concat
enations via a statistics package in the UNIX system develoi;ed 
specifically for this task. Calculated were the mean, standard 
deviation, range, k~rtosis, skew coefficient, z-score, t-score, 
X2 goodness-of-fit with both 8 and 16 degrees of freedom, rnd 
the corresponding one-tailed probabilities against chance of the 
last four measures. . Applied to earlier and ongoing base!:ne 
data, this analysis cqnfirmed that in undisturbed operation this 
REG conforms very well to a Gaussian approximation to the 
appropriate full binary statistics. 

The major portion of the results listed below comprised th:ee 
separate experimental series, extending over fifteen months, 
labeled REG I, REG II, and REG III, respectively. All ot:ier 
data acquired under slightly less formal conditions of protocol 
during this period,: included for completeness, are grouped 
under two other series, labeled REG Ia and Ila, respectively. 
Details of these series protocols, calibration tests, and their in
dividual results are. available in the reference [ 93). All told, 
·over 25 000 active 'PK trials were obtained, corresponding to 
more than 5 000 000 binary events. 

Table I summarizes all of the baseline and PK data acquired 
during these five experimental series. A total of 23 000 base-
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Fig. 11. REG 200-sample baseline data on theory. 
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Fig. 13. REG PK+ and PK- 200-sample data fitted curves. 

line trials were taken under a variety of conditions before, 
during, and after the active PK trials. Their overall mean was 
100.045,, and their standard deviation 6.980, compared with 
the valw~s of 100.000 and 7.071 predicted by the theoretical 
Gaussian approximation to the appropriate binary statistical 
distribution. As shown in Fig. 11, the frequency.of count dis
tribution conformed very well with the theoretical curve. 

The results of the PK trials are also presented in Table I and 
in Figs. 12 and 13. Briefly, the 13 050 high-instruction trials, 
denoted lPK+, yielded a mean of 100.23 and a standard devia
tion of 6 .979; the 12 100 low-instruction trials, denoted PK-, 
yielded a mean of 99.704 and a standard deviation of 6.968. 
The one-tailed probability of chance occurrence of the former, 
compute:d from t-score, is about 10- 4

; of the latter, about 
2 X 10-•5 • The combined probability of the split, i.e., of this 
total "dilrection-of-effo1i" success, denoted ~PK, is about 3 X 
10-9

• ( A number of more elaborate statistical measures have 
been applied to these data; the resi.llts are not qualitatively 
changed thereby.) 

As is f~vident from Figs. 12 and ·13, and as is verified by the 
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Fig. 14. REG cumulative deviations of PK• and PK" 200-sample data. 
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Fig. 1 s. REG cumulative deviations in direc!ion of effort of all 200-
sample data. 
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Fig. 16. REG cumulative average deviations of PK• and PK- 200-sample 
data. 

more detailed statistical tests performed, no significant distor
tion of the frequency-of-count distributions other than the 
shifting of the means has occurred. In other words, the ob
served effect is to shift the total distributions intact, rather 
than to distort any of their higher moments significantly. This 
result clearly has felicitous implications for this class of experi
mentation, since it allows much simpler and faster data collec
tion and analysis than might otherwise have been anticipated. 

It is illustrative to exhibit the overall data behavior via graphs 
of the cumulative deviation of the trial score means versus the 
accumulated data base. Fig. 14 shows such a representation 
for the total data pool plotting PK+, PK-, and baseline data 
with reference to cumulative 0.05 confidence levels. Fig. 15 
uses a similar representation for compounding the PK+ and PK
data in a "direction of effort" cumulative deviation. (Had REG 
la and Ila been excluded from these data, the overall slopes 
would have been slightly more severe and uniform.) 

Alternatively, the cumulative data may be presented in terms 
of the progressions of the average deviations from the theoreti
cal mean, as shown in Fig. 16, where the stochastic variations 
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of the small~l?Qr~Mtfe~BeJ~ci\~p2Q.P.~J>We118de&~-Rgfis9§pQP,i?~~g3c1RPiQ~<JiQA\-~ial talent for this or any 
terminal values after several thousand trials. other psychic task, reported that any conscious v3riations in 

The PK+ and PK- effects also manifPst themselves in terms psychological strategy. such as focus of visual attention, or 
of the number of trial means recorded aboY~ and below the intensity of concenttation or desire, did not appear to have 
the0retical value. As displayed in Table I, PK+ efforts were any evident effect an the yield. Similarly, differences in the 
generally characterized by an excess of tr:31 means above laboratory ambience, such as the lighting level, background 
I 00.00 and PK- efforts by an excess below The total con- noise, or peripheral ipresence of other persons, did not seem 
catenations in these terms are significant at J level of 0.003 to influence this opdrator's performance. When queried about 
for PK+ and 3 X 10-s for PK-. any impressionistic spnse of the interaction process. the opera-

The ensemble of results acquired in these aperiments dis- tor alluded to a '·resonance or identification with the system. 
play certain instructive general features: leading to a loss of seli-awareness similar to that experienced 

I J The importance of accumulating very large data bases in a game, a movie, or some creative occupation." Clearly this 
when dealing with such marginal phenoma is emphasized by class of parameter will be the most difficult to specify and cor-
the relative scales oi the statistical vagaries .rnd the broader relate, and we are far {rom any definition of its mechanisms. 
sys;ematic trends in Figs. 14-16. Althoug:i tl-te trends are With respect to experimental options on the equipment pa-
est:iblisbed early in the data collection sequence, unam bigu- rameters, we can make very limited explorations with the 
ous departures from the accumulated vagaries of chance be- acquired data base. Briefly, binary correlations of the data for 
ha Yi or occur only well into the total 2 5 000 trial, 5 000 000 the 100 /1000 counting rate option, for the volitional/instructed 
bit. sequence. direction of effort, :and for automatic/manual sampling give· 

:) Over this large a data base, there arises some quantitative little indication of iinportance of such factors in the overall 
statistical regularity in the PK process, epitom:zed by the mean performance. Each category shows clear and significant separa-
slopes of the cumulative deviations in Figs. 1-l and 15 and by tion of the means for the PK+ and PK- efforts, with little to 

. the terminal values oi the average deviations ir. Fig. 16. Traced choose between the r-scores for the various categories. Thus. 
back to the elemental binary samples, these n.lues imply direc- at least for the data base at hand, the process seems insensitive 
ted inversions from chance behavior of about ,one or one and a to these particular ex'perimental parameters. 
half bits in every one thousand or, alternativdy, of 0.2 or 0.3 We have also attdnpted correlation in terms of the trial-
bits per trial. number sequence. [With cognizance of the ubiquitous "de-

- 3) The differences between the somewhat larger values for cline effect" which is reported over a broad range of psychic 
the PK- deviation and the lesser values for pr,;_+ are only mar- experimentation, we.have prepared an algorithm which cross-
ginally significant on this data base, but prevail rather uniformly concatenates from the data base all scores achieved on the 
throughout all the test series. The suspicion :hat these reflect first trials of the experimental run, all achieved on the second 
some subtle bias in the REG itself is not supported by the base- trials, etc., up to the: fiftieth, and arrays those fifty means in a 
line data, which concatenate to a grand mean very slightly graphical form. The results show little systematic profile of 
above the theoretical value. yield versus trial number. A similar exercise has been per-

One of the prima. 1 goals of such ·controlled PK studies at formed to cross-concatenate the data by run-number over the 
this early phase in the understanding of the phenomena is to various series to sear~h for a decline effect on that larger scale, 
de\'elop experiments of sufficient yield and replicability that but again no signifidant correlation is found within this data 
various parametric correlations may be systematically explored, base. 
thereby hopefully separating the consequential from the incon- The most extensive, parametric exploration attempted to date 

· ·sequential factors. The experiments outlined above hold some was motivated by the'.apparently fundamental question implicit 
promis~ of serviceability for this purpose, but a great deal of in general conclusion 2) above, i.e., whether the magnitude of 
data will need be accumulated to establish any such correla- the observed effect correlates with the total number of bits 
tions. Four classes of parameters could be considered: those processed, or with the number of trials. To explore this aspect, 
associated with the experimental equipment; those associated the same operator has performed a second ensemble of experi-
with the operator's physiological and emotional characteristics; mental series totaling 25 000 trials, all consisting of 2000-sam-
those associated with the operator's technique; and various en- pie bits rather than 200. As before, various combinations of 
vironmental factors not directly associated with either. So far the automatic/manual and volitional/instructed modes were 
we have accumulated only small amounts of data from other employed, but to speed data acquisition and reduce the opera-
operators, and given the general indication #I above regarding tor's tedium, only the l 000/s counting rate was used. This, 
the importance of large data bases, we can make no statement coupled with the more elegant data processing capabilities that 
about the generality or peculiarity of our principal operator's had evolved over the preceding experiments, allowed this 
performance. Similarly, we have attempted no systematic vari- sequence to be completed in less than six months. 
ation of external environmental factors, and although test times, The results of this ¢ffort, as presented in Table II and Figs. 
dates, durations, and laboratory temperature, pressure, and 17 and 18, are curioµsly ambivalent. As before, there is clear 
humidity have been routinely recorded, we cannot comment and significant separation of the means of the PK+ and PK-
on the importance of this category of parameter. efforts, and the base1ineis well behaved. As could be antici-

On the matter of operator technique, it should first be re- pated from the larger standard deviation of the 2000-bit data, 
emphasized that the sole formal difference between the PK+ the cumulative traces; display larger statistical fluctuations and 
and PK- trials is the specified intention of the operator to in- require a larger number of trials to settle toward well-defined 
fluence the device to generate numbers in the assigned direction. terminal values. To fhe quantitative precision allowed by this 
No other variation in protocoJ is permitted, save those subjec- data base, these terminal values appear not to endorse any 
tive differences in psychological attitude the operator chooses simple bit-level hypothesis in that they fail by a factor of 6 or 

· to invoke. Although no records of such aspects were kept, 7 to achieve the on~ or one and one-half bits per thousand 
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TABLE II -

SUMMARY OF REG 2000-SAMPLE DATA. 

No. Std. 
Instr. Trials Mel!l ·Dev. Pt 

\ 
t-score n+/n_ 

B.L. 12 500 1000.016 21.879 0.079 0.468 6157/6088 
PK+ 12 200 1000.380 21.906 1.914 0.028 6092/5897 
Pr 12 800 999.569 22.005 -2.216 0.0,13 6218/6351 
LI. PK 25 000 

11;00,-----------------~ 

- 75000~----:200:-'-:-0:---4000-''--sooo.L'--eoo.L'-o-1000-L.' -J-12-'~-o-__J14000 
IIWBc:R OF TRIALS 

Fig. 17. REG cumulative deviations of PK+ and PK- 2000-!ample data. 

inversion accomplished in the 200-bit trials. Hc,wever, the 
new values are larger on a per-trial basis by a factcr of about 
1. 7, which is not negligible in this context. Again, :nuch more 
data of this sort will be required to come to grips wilh this class 
of corre'lation. 

In addition to continuing study of this sample-size parameter, 
our nexlC generation of experiments employs a number of other 
operators to explore the variation of yield v.ith operator type 
and technique, and a number of alternate noise sour~es, includ
ing pseudo-random sources, in an attempt to localize the effect 
somewhat and thereby to narrow the range of future experi
ments and models. 

The results outlined above are by no mea..-1s the only conse
quential REG data available for contemplation. Oi particular 
interest are a variety of experiments reported by Schmidt, 
some employing pseudo-random as well as physically random 
sources, and others using taped source outputs recorded well 
in advance of their presentation to the operator [ 8 7 J - [ 90 J • 
In another approach, May has recently reported an REG study 
using el1!ctronic gear specifically designed to prea:lude very 
subtle artifacts that might confound the effects of interest, 
and includes in his paper a thorough search of the modem 
REG literature [ 91] . 

In addition, considerable research in the parapsychological 
community has been performed using REG devices as drivers 
for various forced-choice video games employeq. i.,, both the 
PK and clairvoyance modes [ 151]. Many of these claim sig
nificant yields, but rarely are the data-bases sufficiently large 
to pres,ent quantitative. trends, or to allow much parameteric 
correlation. 

Regardless of their particular implementation, any potential 
vulnerability of random electronic noise sources to incidental 
or intentional distortion by the means under study here would 
seem to be of some interest to a number of engineering com
munities, given the proliferate application of such devices in 
various functional and computational capacities. 

REMOTE PERCEPTION 

As a second example of contemporary psychic research that 
has displayed some substantial yield and,interlaboratory repli-
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Fig. 18. REG cumulative average deviations of PK+ and PK" 2000-
sample data compared to 200-sample data. 

cability, we select a topic which has come to be called ''remote 
perception" or "remote viewing." The basic concept of this 
process is far from new; in the early 16th century, Par2.celsus 
stated it unequivocally: 

Man also possesses a power by which he may see his friends md 
the circumstances by which they are surrounded, although such 
persons may be a thousand miles away from him at that time ( & ] • 

In its modern form, the experimental protocol requires a 
"percipient" to describe, by free-response oral or written 
narrative or drawing, a remote, unknown target location at 
which is stationed an "agent," with whom there is no normal 
sensory mode of communication during the course of the 
experiment. The targets are usually selected by some'prescribed 
random process from a previously prepared pool of targets, 
which is unknown to any of the active participants. The 
quality of the perception is assessed by various impressionistic 
or analytical judging methods described below. 

Historically, this experiment has evolved from several genera
tions of free-response clairvoyance and telepathy experi.-nents, 
which were found to have certain advantages over the more 
traditional "forced-choice" ESP tasks, such as the Xener card 
identifications of the early Rhine laboratory [ 34] - [ 3 7). in 
displaying less tendency for percipient stagnation and "decline
effects" over extended testing, and in maintaining some of the 
spontaneity of anecdotal clairvoyance experiences. One of 
the earliest detailed reports of such free-response studies a;:ipears 
as a book by Upton Sinclair entitled Mental Radio, which 
features an equivocal foreword by Albert Einstein [ 152]. 
More modem work of this class was performed at the Mai
monides Medical Center by Ullman and Krippner in the J 960 's, 
and reported in their book Dream Telepathy [ 64]. From this 
work emerged the so-called "ganzfeld" or sensory inhibition 
perce.ption studies of Honorton and many others which pro
pounded the desirability of emotionally stimulating tasks to 
which the subjects could relate in a personal and spontaneous 
fashion [ 66], [ 67]. 

The contemporary version of the remote perception protocol 
was introduced in a sequence of publications by Targ and Put
hoff [94]. [ 153 J-[ 156], which prompted a substantial num
ber of attempted replications [ 157)-[ 174], and considerable 
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Fig. 19. Remote perception target: Picnic area, Feathered Pipe Ranch 
near Helena, MT; 12 :00 N MDT, Sept. 5, 1978. 

Percipient transcript: Princeton, NJ; 8:30 A EDT, Sept. 5, 1978: 

"Outdoors ... open landscape-large areas of trees-pines? inter
spersed with open fields. Single road. High overcast, cool, breezy. 
(Agent) in dark jacket talking to someone near road-possibly turn
out area or picnic area. Assembly of stones-possibly pylon or marker 
or wall. Large sign somewhere." 

critical comment. The most extensive of the replications, con
ducted by Dunne and Bisaha in the Chicago area over the period 

'· 1976 to 1979, comprised 40 formal trials to which were applied 
157 independent transcriptjudgings, 84 of which assigned first
place rank to the proper targets [ 161 ) , [ 16 2 J . 

The type of data which can be acquired in such studies is 
illustrated in the sequence of Figs. 19-22. In each case is 
shown a photograph of a particular target, selected by some 
random process, which was visited by an agent on the date 
and time indicated. Below each figure is a portion of the cor
responding perdpient transcript, with the time and location of 
the perception effort also noted. The examples shown are 
drawn from a variety of experimental series conducted under 
somewhat different protocols, but serve to display some of the 
~haracteristics which commonly appear in the more successful 
efforts: -

1J The overall ambience of the scene is accurately perceived. 
2) Certain details are accurately identified; others are mis

construed or totally ignored. 
3) A feature which is impressive to the agent is not necessarily 

so to the percipient, and vice versa. 
4) The composition of the scene may be distorted by errors 

in scale, relative positions of key objects, or total right
left inversions. 

5) The aesthetic aspects, such as colors, general.shapes, degree 
of activity, noise level, climate, and other ambient features 
tend to be more accurately perceived than more analytical 
details such as number, size, or relative positions. 

6) The perception is not necessarily centered on the defined 
target, and may even provide accurate information on ad
jacent areas external to ·the target, unnoticed by the agent. 

7) The fidelity of the perception seems to be independent of 
the remoteness of the target, up to distances of several 
thousand miles. 

8) The time of the perception effort need not coincide with 
the time the agent is at !he target. Perceptions obtained 
several hours, or even days, prior to the agent's visit to the 
target, or even prior to selection of the target, display at 

· least as high a yield as those performed in real time. 

-Fig. 20. Remote perception target: Woodrow Wilson School, Princeton, 
NJ;2:15 PEDT,Aug.28, 1980. 

Percipient transcript: Princeton, NJ; 12:15 P EDT, Aug. 28, 1980: 

"Some kind of cour;yard, enclosed by buildings on two sides. Paths 
or walks arour.d periphery, a statue or monument of some kind in the 
middle surrou:ided by 'grass. Could be a fountain; I have the feeling 
of water. Trees or 1311 hedges on one side. Fairly quiet, but some 
people walkinf around.' Not sure of sound, the idea of a fountain sug
gests sound of water but I'm not sure I really hear it or not." 

The philoso;ihical a:nd practical implications of items 7 and 8 
are clearly su:istantia:1. If the data are valid, the most parsimo
nious explicaiions wciuld require access of the percipient's con
sciousness to other portions of the space-time grid than that in· 
which it is currently )mmersed, or that it can reach by normal 
processes of communication or memory. These same items 
also seriously delim~t the potential physical mechanisms for 
such access. 

Rigorous e..-aluatioh of the data from experiments such as 
these is confounded. by the psychological components of the 
process, by the imp~essionistic nature of the information in
volved, and J:,y the inevitable subjective biases of all those par
ticipating in ,he experiment. Doubtless the earliest and most 
primitive assessments were informal a posteriori exchanges of 
impressions about t_\le target between agent and percipient 
which, although poss.ibly informative and stimulating to them, 
lacked any quantitative basis and held little scientific credibility. 
In a somewhat less vUlnerable strategy invoked more recently, 
the percipient, after, completing his transcript, visited several 
possible targets drawn from the pool and attempted to identify 
the one he p,erceived1, or to rank-order each of them in terms 
of conformity to his'earlier perception. Statistical arguments 
could then be applied to these ranks to estimate the likelihood 
that information about the target had been acquired by means 
other than chance [ l 7 5 ]-[ 177]. 

In an attempt to separate the possible ESP functioning of the 
percipient during the visitation and ranking process from his 
original perception effort, the protocol subsequently evolved to 
invoke independent judges who were provided copies of the 
various transcripts and taken to the target sites to perform their 
preferential rankings. Even in this form, the technique has 
been criticize<l for possible sensory cuing of the judges [ 178) 
and has tended in turn to be replaced by a protocol wherein 
the judges perform their ranking on the basis of photographs 
of the targets, usually taken by the agent at the time of the 
trial. In one such version, the judges, who have not been in
volved in any earlier; portion of the experiment, are asked to 
compare a single percipient transcript with agent-generated 
descriptions and photographs of a number of alternative targets, 
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Fig. 21. Remote perception target: Rockefeller Chapel, Chicago, IL; 2:15 P CDT, June 10, 1977. 

Percipient transcript: Mundelein College, Chicago, IL; 1 :00 P CDT, June 10, 1977: 

"I'm seeing a heavy wooden door with a black bolt on It rounded at the top in a dome fashion. I have a feeling of opening the doors and 
looking in and it's dark inside. My feeling at the moment Is that it's a building like a church. And I can see the pews. There is some light but 
I fe1,I basically a kind of darkness in there and a quietness. I'm seeing little turrets, very elaborate-looking little turrets, a whole series of them 
like across the entire top of the building and there's a straight line and then up to a triangle. I have a definite image of an angel-type of statue, 
marble, flowing robes. ·I see the door again and I see some stairs. I think It's very high. I'm getting some stained-glass windows that are arch 
shapi, and they would look to be dark blue. Whatever the architecture of it the ornamentation on the building is quite elaborate and it looks 
like there's a section on the top with the turrets and then below that there are some other kinds of desigru but more linear designs. 

"I again have a vision of the doors and then maybe a !edged area or an area of the building that protrudes with some kind of a design and 
there maybe even be a couple of those ~efore you get to the top part which is either triangular or rounded. There is filigree work, little filigree 
turrets or something. And within the building there is a sort of a continuation of arches, but possibly they meet columns or something like 
that, but whatever the decoration is where walls join or separations, it looks like it's arched." 
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153 ·1 tations which a r.uman judge might capture, this method d0cs 
provide a rudimentary framework for evaluation of signal-to
noise ratio in the information transfer, and an assessment 
standardization less de~endent on _subject~ve. i~terpretation. 

. . • In essence, the st.ategy 1s to replace 1mpress10mshc assessment 
1 of the quality of i perception by the identification of specified . . 

·,Fig. 22. Remote perception target: Danube River, Bratisla-va, Czecho
slovakia; 3:00 P European Standard Time, Aug. 24, 1976. 

Percipient transcript: Minoqua, WI; 8:30 A CDT, Aug. 23, 1976: 

"l ha,·e the feeling that the agent is somewhere near water. I seem to 
have the sensation of a very large expanse of water. There might be 
boats. Several vertical Jines, sort of like poles. They're narrow, not 
heavy. Maybe lamp posts or flag poles. Some kind of circular shape. 
It's round on its side, like a disc, it's like a round thing flat on the 
ground, but it seems to have height as well. Maybe ,,ith poles. Could 
possibly come to a point on top. Seeing vertical lines again. Seems to 
be a strong impression, these vertical lines. Predominant colors seem 
to be blue and green. Water again. Some very quick impression of a 
fence, a low fence. The steps seem to go up to some kind of fence. 
It's a dark fence and it's along like a walk sort of at the top of the 
steps. The steps sort of lead up to like a path or walkway. Like a 
boardw"J.lk. And there's a fence along it. There's people walking 

· .along it, and there's vertical lines along that walkway." 

including the proper target, and to rate or rank-order them by 
some prescribed criteria. Again, statistical· assessment of the 
significance of the rankings follows. 

The bulk of the remote perception data reported in the litera
ture has been evaluated by some form of these independent 
judging processes, and displays sufficiently high yield to encour
age further refinement of the protocol and analysis before 
attempting categorical judgment on the validity and viability 
of the phenomena. Beyond minor tightening of the target 
selection, agent maneuver, and perception acquisition and re
cording phases of the experiment, the major potential improve
ments would still seem to pert,ain to the judging process, which 
remains potentially vulnerable to subtle cues in the transcripts, 
to vagaries in the judges' capability, to their subjective biases 
toward the individual experiments and to the topic as a whole, 
and to possible psychic input of their own [ 161], 162]. 

In an effort to improve the judging process further, our la bora
tory has explored the applications of various information theo
retic methods to the quantification of the data, and an analytic 
technique has .been devised wlikh is based on a limited binary 

. a'lphabet of target/perception descriptors [ 179). While less 
sensitive to. the Gestalt impre$sionism. and symbolic represen-

elements of information therein, after which a mechanical 
scoring and rankbg procedure takes over. In the hope of con
veying a bit more substantive flavor of the data acquired in 
remote perception e){periments and the processing thereof. 
permit us to describe this analysis in a little detail. 

The heart of the rnethod is the establishment of a code, or 
alphabet, of simple descriptive queries which may be addressed 
to all targets and all perceptions, responses to which serve to 
distinguish them md to permit quantification of the informa
tion acquired in the perception process. In one version, these 
"descriptors," thi:ty i'n number, are posed in binary fom1 and 
range over a spectrum from quite factual discriminations, e.g., 
whether the scene is indoors or outdoors, whether trees are 
present, or whether there are automobiles, to much more im
pressionistic aspects, such as whether the ambience is noisy or 
quiet, confined or expansive, hectic or tranquil. The particular 
ensemble of descriptors has evolved in part through personal 
experience and intuition, and in part through trial-and-error 
application to various pilot data. The goal has been a balanced 
alphabet whose elements are a) relatively unambiguous; b) com
monly perceived ty a broad selection of percipients; c) individu
ally instructive in defining the scene; d) complementary to one 
another; and e) sufficient in number to permit reasonable syn
thesis of the scene, but not so numerous to burden the data 
collection or computadon excessively. 

Given this descriptor"alphabet, each target in the pool is then 
represented in terms of30 binary bits, corresponding to the ap
propriate YES/NO responses to the queries. This encoding is 
normally performed by the agent at the time of target visita
tion, although reference may be made to the target selector's 
judgment or to photographs of the target for verification. 
Each perception is similarly rendered into a corresponding 
sequence of binary digits, but only after the percipient has been 
allowed to form a free-response impression of the target. Vari
ous scoring recipes are then invoked for quantitative comparison 
of the perceptions with the targets, using for computation the 
UNIX operating system of a PDP 11/45 or VAX 750. 

The simplest recipe merely counts the number of correct 
responses to the 30 descriptors, Le., the positive correlations 
between the target and descriptor matrices. Titis does not nor
mally provide a particularly accurate index of the quality of the 
individual perceptionsJsince the a priori probabilities of the 
various descriptors are widely different. For example, a given 
pool may have more outdoor than indoor targets, and hence 
a correct identification: of an indoor context should be given 
higher credit than identification of an outdoor context. To 
facilitate such weighting, a step is included in the computational 
program to provide the a priori probabilities of all descriptors 
in the prevailing target i:)ool, on the basis of which more elabo
rate scoring recipes may, be invoked. 

Since the various targets have substantially different charac
teristics and hence d.iff¢rent capacities for achieved scores, a 
variety of normalization procedures also have been developed, 
using as denominators the total number of descriptors, the per
fect score, i.e., the score that would be achieved for a given 
target if all descriptors were identified correctly, and various 
"chance" scores for the target, defined by some random or 
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PRECOGSITIVE REMOTE PERCEPTIOS 24 X 24 "CHIC.'-GO" SERIES 

PROPER TARGET RANKS 

Scoring Method 3 

Perception No. A B C D 

I 3/4 7 7 9 
2 1/2 2 4 1 
3 1 1 1 1 
4 2/8 7/2 2/2 4/2 
5 7/3 9 11 .4 
6 9/5 12/2 7/2 16/2 
7 13/2 11 14 10 
8 20/3 22 20 14 
9 4/2 4 8 1 

10 10/7 13 13 9 
11 9/4 9 11 6 
12 1/3 2 2 2 
13 1/3 1 3 1 
14 1 2 2 1 
15 1/2 2 2 1 
16 2 2 2 1 
17 1/4 9 1 9 
18 2/2 10 5 1 
19 14/3 14 14 19 
20 7/6 11 11 8 
21 1/2 2 3 4 
22 5/6 7 12 2 
23 16/4 23 11 15 
~4 3 3 4 3 

Mean 6.73 7.75 7.13 5.96 

3 Computed ran.1:/number of ties for that rank. 
b Ass~ned rank/number of possible ranks. 

arbitrary process of descriptor response. A "selective" scoring/ 
normalization process has also been applied which effectively 
allows the percipient to reject any descriptor on which he feels 
unqualified to comment. and thence to be scored only on the 
reduced descriptor set. 

The srntistical significances of these various normalized per
ception scores are assessed by a collective ranking process 
reminisc1mt of the traditional human judging techniques, but 
having the advantages that the ranking proceeds on a much 
more standardized and analytical basis, and that many more 
alternative targets can be ranked by the machine than by a 
human judge. Specifically, the program scores each transcript 
not only against its proper _target, but against every other tar
get in the pool, and then ranks these targets in order of descend
ing score and specifies the rank of the match with the proper 
target. This process is repeated for every scoring method, and 
the results displayed in corresponding matrix arrays. 

Table Ill displays typical results of these analyttcal ranking 
proceduires as applied to a group of 24 perceptions of 24 targets 
in the Chicago area. Tabulated are the ranks of the proper tar
gets compared v.ith all other targets for each of the perception 
efforts, as computed by five of the scoring methods we have 
found to be most instructive, namely, A) number of correct 
descriptors/total number of descriptors; B) weighted full de
scriptor score/perfect score; C) weighted full descriptor score/ 
number of descriptors; D) weighted selective descriptor score/ 
perfect score; and E) weighted selective descriptor score/chance 
score. Also included in the table are the mean ranks assigned by 
indepen:dent human judges subjectively comparing these per
ceptions with a much smaller number of alternative targets. 
Although the bases of comparison are quite different, it 

\ 

Human Judges 
E Avg. Avg./24 Mean Rankb 

2 5.9 0.25 2.7/8 = 0.34 
1 1.9 0.08 1.0/8 = 0.13 
1 1.0 0.04 1.5/8 = 0.19 
2/2 4.5 0.19 2.7/8 = 0.34 
8 8.0 0.33 1.7/8 = 0.21 
7/2 11.0 0.46 3.5/8 = 0.44 
13 12.3 0.51 2.3/8 = 0.29 
19 19.2 0.80 1.8/8 = 0.23 
5 4.5 0.19 2.6/7 = 0.37 
5 10.6 0.44 1.4/7 = 0.20 
12 9.7 0.40 3.6/7 = 0.51 
5 2.6 0.11 1.8/7 = 0.26 
3 2.0 0.08 2.2/7 = 0.31 
1 1.4 0.06 1.4/7 = 0.20 
1 1.5 0.06 1.0/7 = 0.14 
2 1.8 0.08 1.0/10 = 0.10 
1 4.5 0.19 1.0/5 = 0.2C 
2 4.1 0.17 1.0/5 = 0.20 
17 15.8 0.66 unjudged 
10 9.9 0.41 5.0/6 = 0.83 
1 2.3 0.10 2.0/6 = 0.33 
7 7.1 0.30 3.0/6 = 0.50 
9 15.1 0.63 3.0/6 = 0.50 
4 3.4 0.14 2.0/6 = 0.33 

5.79 6.67 0.28 0.31 

appears that in the majority of these cases the analytical and 
impressionistic evaluations concur at least roughly in their 
estimate of the quality of the perceptions, particularly for those 
which consistently obtain low rank assignments. If the analyt
ical computation is carried through using as target pool only 
those alternative targets available to the human judges, the 
agreement in mean ranks is found to be somewhat closer, per
haps fortuitously so, given the categorically different bases of 
assessment implicit in the two methods. 

To this analytically scored and ranked data it is possible to 
apply a variety of statistical assessments of widely ranging 
sophistication and complexity. Consistent with the rather 
broad mesh of the descriptor code and the elementary scoring 
recipes invoked in this version of the concept, we confine our
selves· to correspondingly simple statistical measures which 
provide at least semi-quantitative indication of the yield beyond 
chance. Specifically, we address only the distribution of proper 
target ranks achieved in the series of perceptions, such as sum
marized in columns 2-6 of Table III. Using the common z
score method for a discrete distribution, the probability of 
achieving the mean rank of any of these columns by chance 
may be directly computed. Table IV displays the results of 
such calculation for the same 24 X 24 "Chicago" series. Note 
that, whereas all of the methods suggest significant departures 
of the computed mean ranks from chance, there is relatively 
little disparity among them, indicating that the specific method 
of scoring and normalization is not a sensitive element in the 
overall evaluation of the perception series. 

The departure of the shape of the proper target rank distribu
tion from chance is also displayed in Table IV in terms of the 
number of perceptions achieving first-place ranks, the number 
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TABLE IV 
PRECOGNITIVE REMOTE PERCEPTION 24 X 24 "CHICAGO" $ERIES 

Approved For Release 2003/04/18 : ~6""00789R003100030001-4 

Mean No. 1st (2nd) No. Ranks 
Method 8 Rank Ranks Below Mean z Pz x 2 (4) Px 

"""' 
Chance 

expectation 12.5 1.0 (1.0) 12 
2 X 10- 5 A 6.73 4.4 (4.0) 19 -4.08 18.5 <0.005 

B 7.75 2.0 (6.0) 20 -3.36 4 X 10- 4 11.8 <0.01 
C 7.13 2.0 (4.5) 20 -3.80 7 X 10- 5 19.6 <0.001 

D 5.96 8.0 (2.0) 20 -4.63 2 X 10- 6 24.0 <0.001 
E 5.79 6.0 (3.5) 21 -4.75 1 X 10- 6 27.6 <0.001 

a As described in text: 
A) Number of correct descriptors/total number of descriptors. 
B) Weighted full descriptor score/perfect score. 
C) Weighted full descriptor score/number of descriptors. 
D) Weighted selective descriptor score/perfect score. 
E) Weighted selective descriptor score/chance score. 

TABLE V 
PRECOGNITIVE REMOTE PERCEPTION 6 X 24 "()cEAJ;" SERIES 

ScORE SUMMARY 

Mean No. 1st (2nd) No. Ranks 
Method a Rank Ranks Below Mean z Pz 

Chance 
expectation 12.5 0.25 (0.25) 3 

A 4.5 1.0 (1.1) 6 -2.83 0.002 
B 4.2 2.0 (0.0) 6 -2.95 0.002 
C 5.0 1.0 (1.0) 6 -2.65 0.004 
D 5.2 1.0 (0.5) 6 -2.59 0.005 
E 5.3 1.0 (1.0) 6 -2.54 0.006 

a As described in text: 
A) Number of correct descriptors/total number of descriptors. 
B) Weighted full descriptor score/perfect score. 
C) Weighted full descriptor score/number of descriptors. 
D) Weighted selective descriptor score/perfect score. 
E) Weighted selective 'descriptor score/chance score. 

ranked better than the chance mean, and a simple X2 test with 
its associated probability. 

The method is not restricted to square arrays, i.e., to equal 
pumbers of targets and perceptions in one-to-one correspon
dence. Table V displays the results of a recent "Ocean" series 
in which six perceptions were ranked against 24 targets in the 
pool from which the six actual targets were drawn. (The per
cipient for this series was at the time sailing alone across the 
North Atlantic Ocean.) 

Because of its particularly severe protocol, we also include as 
illustration the results of a "European" series judged by this 
method. ·1n this series, the agent was traveling in eastern 
Europe, and on five successive days., at 3 :00 P.M. local time, 
utilized whatever location he happened to occupy as the target. 
The perceptions of these targets were recorded by a single 
percipient in northern Wisconsin at approximately 8:30 A.M. 
local time of the preceding day, i.e., each perception was 
roughly 24 h precognitive. (Fig. 22 depicts a target and percep
tion from this series;) Table VI displays the analytically judged 
results of this series, and compares them with the results of 
previous human judging. Although the data base is small, the 
consistency of yield is striking. 

To obviate the possibility that this method of analysis may 
somehow process evep random inputs to apparently significant 
scores, artificial target data matrices and artificial perception 

data matrices ha;-e been constructed from the output of ~ 
REG, and the c6mputational schemes applied to various co · 
binations of these with each other and with true data. The 
pattern of results conforms to chance expectations. ~ 

alternative forffi of control is provided by application of C : 
method to discernibly unsuccessful test series, which yie· ; 
appropriately in.significant results. 

The project outlined in the last few paragraphs is descril-_0 1 
in greater detail, with many other experimental examp: .·, 
both successful and unsuccessful, in reference [ 179] . We h .. , e 
since developed' the capability of employing ternary rathe1 
than binary responses to the descriptors, in order to con~~ 
more shaded information about the aspects queried. A gi r 
feature may th~reby be specified as a) present and dominant 
b) present but secondary; or c) absent. Or alternatively, the 
feature may be described as a) definit~ly present; b) ambigu=-;: 
or unspecified;ior c) definitely absent. While these approa< ~ 
clearly provide more specific target and perception data, th, 
scoring thereof;becomes more complex, especially in the defu).i 
tion of certain <;>f the normalization denominators. _, 

We have also'been exploring a modification of this analy·:.-~ 
judging procedure which would bypass the ranking steps altc 
gether and mo-.:e directly to compute individual statistical sc::_c e 
for each transcript. The key to this variation is the defini ) 
and utilization of a generalized target pool composed of ov1 
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TABLE VI 
PRECOG:,.IITIVE REMOTE PERCEPTION 5 X 5 "EUROPEAN" SERIES 

ScORE SUMMARY 

Mean No. 1st (2nd) No. Ranks 
Method a Rank Ranks Below Mean z Pz 

Chance 
expectation 3.0 1.0 (1.0) 3 

A 1.2 4.3 (0.3) 5 -2.85 0.002 
B 1.4 4.0 (0.0) 5 -2.53 0.006 
C 1.4 3.0 (2.0) 5 -2.53 0.005 
D 1.8 4.0 (0.0) 4 -1.90 0.029 
E 1.6 3.0 (1.0) 5 -2.21 0.013 

Seven human 
judges (avg.) 1.9 2.1 (1.6) 4.6 

a As described in text: 
A) Number of correct descriptors/total number of descriptors. 
B) Weighted full descriptor score/perfect score. 
C) Weighted full descriptor score/number of descriptors. 
D) Weighted selective descriptor score/perfect score. 
E) Weighted selective descriptor score/chance score. 

200 targets, local, national, and international, assembled for a 
broad range of earlier and ongoing experimental series, from 
which correspondingly generalized a priori descriptor proba
bilities may be calculated. Evaluation of the transcript scores 
on the: basis of these generalized probabilities, rather than 
those calculated for the specific series target pools, has been 
found to alter only slightly the relative ranks of the perceptions 
determined by any of the five methods used above and provides 
the desired common basis for evaluating the individual statis
tical significance of those scores. 

To pursue thls, the program next assembles a set of empirical 
chanc(: distribution functions, one for each scoring method, by 
concatenating all mismatched perception scores assigned by 
that method, i.e., all off,diagonal elements of that perception
target matrix. With reference to Gaussian fits to these empiri
cal chance distributions, the proper perception-target scores 
can then be assigned z-values and corresponding probabilities 
against ·'chance." As one example of this approach, Fig. 23 
shows the empirical distribution of scores compounded from 
some 1400 mismatched targets and transcripts by method E, 
on which are superimposed the scores achieved by the 24 proper 
target perceptions of the "Chicago" series. The corresponding 
z-values and probabilities against chance are listed in Table VII. 

These individual significance values can subsequently be com
pounded into an overall significance level for the entire series 
by various standard procedures [ 180 J. The latter result should 
agree with that derived from the original ranking method, to 
the order of approximation implicit in each form of this anal
ysis. In this case, the series value is about 10-6 compared to 

6 , 
10- for the ranking method. 

Th<~ specific results shown in Tables III-VII represent some of 
the most successful data we have acquired; many less successful 
examples could also be displayed. To summarize our total ex
perience with over two hundred remote perception efforts, all 
performed with volunteer percipients claiming no special abili
ties, we might note that the data tend to fall into one of four 
categories, in roughly comparable quantity: 

5,----------------
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TARGETS 

0.6 0.8 1.0 
NORMALIZED SCORES 
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MEAN• 1.0016 

S.D. •0.1163 

1.2 

Fig. 23. Remote perception empirical chance distribution (me~10d E). 

4) the perception seems unrelat~d to the target in :,Jntext 
or detail. 

Survey of the pertinent literature indicates a com para :ie pat~'· 
tern of yield across the experience of others involved ir: ,imilar 
experiments. 

To date there has been little progress in correlating th! degree 
of success of such efforts with the prevailing exper.mental 
conditions or with the personality traits or attitude~ of the 
participants. A certain body of lore has compounded bJm the 
testimony of the more successful percipients, such as tte desir
ability of a,personal rapport between the agent and pe:;:ipient, 
the value of a lighthearted attitude, the importance of !xcilud
ing any associative or constructive logic, etc., but muc:. of this 
is still too vague and inconsistent to provide any basil for ex
perimental refinement or theoretical modeling. At ;;resent, 
the only fair statement would be that empirical evidmce for 
this class of phenomena continues to accumulate, b.1t with 
frustrating irregularity and little basic comprehensioz:. Not
withstanding, the present and potential applications of the 
process in a variety of arenas, combined with the r!Latively 
siqiple and inexpensive nature of the experiment, k!ep this 
type of study active. 

1) the target is accurately represented in detail and composi
tion; 

2) particular features of the target are accurately perceived, THEORETICAL CONCEPTS 

but the context is incorrect; No remotely satisfactory physical theory of psychiqllenom-
3) the ambience of the target is perceived, but the details ena yet exists. Indeed, next to the evasiveness of tht effects 

are inaccurate; under controlled experimentation, the second greatest frustra-
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J>RECOG~ITIVE REMOTE PERCEPTION INDIVIDUAL STATISTICAL ScORES 

(METHOD E) 24 X 24 "CHICAGO" SERIES . 

Perception No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

·"' .. · 

tion in the study of psychic processes has been the absence of 
viable theoretical models with which to begin the traditional 
dialogue between theory and experiment on which all scientific 
progress eventually depends. This may, of course, be indicative 
of an illegitimacy of the phenomena themselves, or at least of 
an evanescence that fundamentally precludes any analytical 
representation. On the other hand, it may be an indication 
that modern physical theory, elaborate and sophisticated as it 
is, has not yet evolved to a stage where it can properly acknowl· 
edge and deal with the role of consciousness in the physical 
world [ 181], and that this should be one of its new frontiers. 
Before pouncing toward either extreme, it may be worthwhile 
to_play t.i).rough some of the more canonical attempts that have 
been" maiie to deal with this domain, both from a formalistic 
and philosophical point of view. 

Efforts toward theoretical explication of psychic phenomena 
over the past century have proceeded from various levels of 
presumption as to the fundamentality of the effects observed. 
Some have insisted that the effects are totally illusory, i.e., arti· 
facts of poor experimentation or data processing, or that they 
are the chance results of random processes. Others have assigned 
the effects to known physical and physiological mechanisms 
associated with, but not deliberately precipitated by the partic
ipants, e.g., electromagnetic radiation from brain circuitry or 
intercardial potentials, or heat transfer, vibration, or aerochem
ical changes in the experimental environment caused by human 
presence or exertion. More ambitious efforts have contended 
that no such conservative models can suffice, and that it will 
be necessary to identify new forms of energy or information 
transfer to retain the established physical formalisms, or pos
sibly even necessary to expand the physical laws themselves, 
as was required in the generalization from classical mechanics 
to quantum mechanics or to special.and general relativity, with 
the present forms becoming subsumed under more compre
hensive statements. Still others have concluded that the scien
tific parad.igIJ1 in general 'is inadequate and that basic revision 

z-score Pz 

1.210 .0.113 
0.089 0.465 
2.737 ·0.003 
1.700 0.045 

-0.553 0.709 
1.533 b.063 

-0.315 Q.623 
-0.315 0.623 

0.451 b.326 
-0.197 Q.578 

0.191 0.424 
2.037 0.021 
2.948 ;0.002 
2.244 0.012 
2.661 0.004 
2.478 0.007 
2.180 0.017 
1.904 0.028 
0.083 0.467 

-0.152 0.560 
2.679 0.004 
0.701 0.241 
1.057 0.145 
0.113 0.455 

in the representation of the process of conscious obser.,ati::-, 
of physical events will bel required. 

Beyond the uncertainty as to the fundamentality of t:.~ 
model required, these rnpdeling efforts have labored under t:.~ 
confusion of whether th~ purported phenomena are most b.:Si
cally psychological, physiological, physical, or some inextrica h~ 
combination thereof, and hence which class of concepts shoU::i 
dominate the model and 'which should be secondary. Virtua:..:y 
all permutations have tjeen explored to some degree, uncer 
labels of "psycho-physiological," "biophysical," "psych:
physical," etc., but none of these can claim more than sugges
tive analogies or philosophical stimulation. This author :.s 
unqualified to assess any models based in the psychologi:al 
or physiological domains, other than to note that those mcst 
frequently discussed tend to acknowledge the role of randcm 
processes, information brdering, and statistical, rather tru..-ri 
directly causal mechanisms [182]-[187]. all of which ha:,e 
their counterparts in several of the more physically oriented 
modes which have been proposed. Confining ourselves to su:h 
physical theories, the hi~tory of credible analytic effort is cca
veniently short and, in my view, more instructive in its phib
sophical than in its functional characteristics. 

Electromagnetic and Geophysical Models 

For perhaps naive reasons, the earliest physical models tend:d 
to presume wavelike propagation of psychic effects, usually :n 
the electromagnetic modes [ 188). Doubtless the concurrent 
emergence of radio technology with its revolutionary '-'tireless 
capabilities influenced the concepts and nomenclature of these 
versions, and frequent reference to psychic "transmitten," 
"receivers," "antennas,": "tuning," and "static" are found in 
them. Upton Sinclair's qook, Mental Radio, mentioned earlier, 
is one example of such an analogy [ 152). 

More modern models qf this genre, appearing predominantly 
in the Russian literature l 43], [50], [ 100], [ 189], [ 190), ha1e 
focused on very low frequency bands, of the order of 10 Hz, 
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characteristic of various physiological frequencies, especially 
the brain wave spectra. Some variations of these have invoked 
modulation of the earth's magnetic field or of the electrostatic 
fields of the atmosphere. Wave models involving other than 
electromagnetic environmental media have also been proposed, 
such as infrasonic atmospheric waves, geoseismic waves, and 
barometric fluctuations, possibly stimulated by contemporary 
attention to the inexplicable homing capabilities of birds, fish, 
and antmals, and the hive or swarm behavior of certain insects 
[101), [102], [132]. 

As suggested by the pre-occupation with screen-rooms in the 
early days of the electromagnetic concept, and by more recent 
long-distance remote perception experiments, some of the ob
vious validation/disqualification tests examining attenuation, 
diffraction, interference, and polarization effects have indeed 
been attempted, but the very large dimensions involved· for these 
wavelengths leave the studies less than conclusive. Some con
tempoirary workers retain support for this category of model, 
claiming that the necessary electromagnetic signal levels re
quired for influence on the brain circuitry are so small that no 
coarse-grained tests can properly discriminate against them. 
More problematic, in my own view, are the absence of any 
demonstrated velocity of propagation of psychic effects and 
the large body of precognition evidence which, if accepted, 
cannot be accommodated by any reasonable advanced wave 
characteristics. 

However, setting aside for the moment the quantitative func
tional difficulties with the electromagnetic approach to psychic 
phenomena, certain broader philosophical analogies in the 
conceptual and experimental aspects of the two topics may be 
worth noting. In electromagnetism, beyond the bald empiricism 
of the definition of the fields themselves as representations of 
"action-at-a-distance," there are many features which to a 
naive or primitive observer would, and indeed historically did, 
appear as "paranormal," or at least anomalous: the noncolinear 
aspects of Ampere's and Biot-Savart's laws and of the Faraday 
effect; induction effects and switching transients; the Maxwell 
displacement current; the propagation of waves in a vacuum, 
with a specified finite velocity-each of these in some sense 
digressed from contemporary "normal" experience, was con
ceptually difficult in its time, and required certain leaps of 
ernpiriicism to get on with the formalism. 

To the extent that we just now hold a similarly naive and 
primitive view of psychic phenomena, it may be necessary to 
to!erat1~ similarly empirical representations until a more com
prehensive model can knit itself into a more fundamental 
representation. For this purpose, there may be some merit in 
looking to just such electromagnetic effects for analogies. As 
one example, the pervasive "decline effect" in p_sychic experi
mentation, wherein the performance on psychic tasks is widely 
repor1ti:d to be highest immediately after initiation, to decrease 
over p:rotracted testing periods, and then to improve again just 
befor1~ termination, is somewhat reminiscent of the induced 
signatures of certain electromagnetic processes. The decline 
effect has been commonly ascribed to a psychological boredom 
or reduction in the ,emotional intensity of the operator per
forming the task; just possibly it may be a more fundamental 
characteristic of the phenomenological domain. 

In a similar vein, many psychic effects are reported to be in
trinsi<cally transient, e.g., the "fleeting impression"; the "sudden 
vision"; the "unexpected effect." One of the favored techniques 
of some remote perception percipients is to "sweep through" 
their image of the target repeatedly until it is clarified. Many 

PK effects are reported to be achieved just at the first effort 
or immediately after the effort is terminated. Such "beginner's 
luck" evidence might be construed to indicate that psychic 
processes are invalidated by prolonged and careful examina
tion; alternatively, it may be a hint that they are inherently 
"inductive," in the electromagnetic sense, i.e, that they are in
trinsically unsteady p_henomena wherein the. time derivatives 
influence the magnitudes of the effects. 

Yet another characteristic that psychic effects share with 
certain electromagnetic processes is their tendency to be in
direct, tangential, or peripheral: direct effort on one PK task 
fails, but a secondary effect is noted on another component 
or device; central elements of a remote perception target are 
ignored by the percipient, but minor or peripheral aspects are 
identified with precision; the pattern of physical disturbance in 
a poltergeist event is reported to be vortical rather than radial, 
all of which call to mind cross-product and vector curl effects 
in the electromagnetic domain. 

The point in suggesting such analogies is not to endorse direct 
physical correspondence between electromagnetic and psychic 
proc~ses, but rather to speculate whether the human mind 
may tend to perceive and assess phenomena in the two domains 
in certain similar fundamental ways. · ~-., 

Entropy and the Random Process 

A second, more recently opened class of psychic model 
addresses the interaction of consciousness with natural random 
processes [95], [187], [191]. Acommonaspectoftheestab
lished physical formalisms of kinetic theory, thermodynamics, 
statistical mechanics, and information theory is the role of 
randomicity as the reference plane for information and energy 
exchange. By whatever representation, the second law of ther
modynamics, expressing the tendency of isolated physical 
systems to drive irreversibly toward configurations of mini
mum order and information content, stands starkly asymmetric 
in the time coordinate, thereby raising profound philosophical 
issues in virtually every domain from biophysics to cosmology."~ 

Some of the most controlled and replicable experiments in PK, 
such as the REG studies outlined earlier, could be construed to 
challenge the second law, or at least to suggest modifications of 
the concept of an isolated physical system. Namely, under 
the circumstances of those experiments, human consciousness 
could be postulated to be inserting order, albeit to a small 
degree, into a random physical process., 

This possibility can be extended conceptually to the anoma
lous acquisition of information in remote perception experi
ments, to psychic healing, and to animal and plant PK, but to 
my knowledge, no attempts at formulation have yet specified 
any details of the ordering capability, e.g., its physical or phys
iological source, its propagation modes, or its manner of inter
action. Pending these, one can again only proceed with high 
empiricism to attempt to represent the observed correlations 
in a useful fashion, a strategy which has sustained many other 
observational fields in their primitive phases. Notwithstanding, 
this class of psychic model poses a profound question: The 
long-accepted essence of consciousness is its ability to extract 
information from its environment; may the reverse also be 
possible? May consciousness have the ability to insert infor
mation into its environment? 

One extreme variation of this model escalates the question 
even one step further, to ask whether it is possibly an indige
nous property of extremely elaborate and complex systems 
that they may embody inherent functional co'nsciousness of 
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their own--Aw,~~cnR~ttse- lQ$'3l8M~I8:tlt~lhh-R.DliW~7~aqgg~RiW)Js-'4,e have come to perceive it, 
interlockings of their systems, they derive not only abilities but rather as freq\,lency and amplitude information, and that 
to learn, to reproduce themselves, to adapt to their environ- the human consciousness essentially performs "Fourier trans-
ment, but also to exert an entropy reversing form of "con- forms" on this to order that information into the more familiar _ 
sciousness" on themselves [ 192], [ 193]. form. In the sensh that the space and time coordinates are 

Hyperspace Representations 

A few attempts have been made to represent paranormal 
effects by re-casting the basic laws of physics in more than the 
four coordinates of normal human experience and applying the 
consequent new terms to the representation of paranormal 
effects [ 104], [ I OS J, [ 194]. For example, one such approach 
adds an imaginary component to each of the spatial and tempo
ral coordinates, i.e., invokes complex space and time, somewhat 
in the spirit of ac circuit theory or exponential wave mechanic$ 
[ 195 I. The imaginary components and their "cross-talk" with 
the traditional real ones thereby permit representation of anom
alous effects within the framework of established physical laws. 
To date, no convincing fundamental definition of these new 
dimensions has been offered, thereby reducing such models to 
an heuristic or empirical level. In this sense, the approach bears 
some similarity to the "hidden variable" aspect of quantum 
mechanics, mentioned below. 

One may speculate that if such models are to address the in· 
teraction of consciouness with physical process, the requisite 
new coordinates or components must relate to or in some waY 
define or localize, the processes of consciou~ness. In oth;r 
words, to the normal "hard" coordinates, whereby events are 
conventionally specified in the physical world, it may be neces· 
sary to add certain "soft" coordinates to specify the conscious 
processes by which those events are perceived and possibly in
fluenced. Clearly, the .coordinate frame in which one chooses to 
observe and represent any physical process is intimately Jinked 
to the perception of that process. Two common examples 
would be the perceptions of kinematic and dynamic effects in 
a rotating frame of reference, such as a merry-go-round or an 
orbiting spacecraft, or the even more bizarre appearances oi 
physical processes in rapidly accelerating frames, a la general 
relativity. 

To compound this interdependence of perception and refer
ep.ce; frame by including "consciousness coordinates" in the 
specification of the latter is an awesome proposition, but an 
intriguing one. And the consequences need not be restricted 
to the mechanical behavior of physical systems, but may also 
influence their perceived substance. The noted British astron· 
omer Sir Arthur Eddington, some fifty years ago, presaged this 
concept most boldly and heretically [ 196] , [ 197] , [ 203 J : 

· The whole of those laws of nature ... have their origin, not in 
any special mechanisms of nature, but in the workings of the 
mind .... 

All through the physical world runs that unknown content 
which must surely be the stuff of our consciousness .... 

Where science has progressed the farthest, the mind has regained 
from nature that which the mind has put into nature .... 

We may look forward with undiminished enthusiasm to learning 
in the coming years what lies in the atomic nucleus-even though 
we suspect that it is hidden there by ourselves .... 

The stuff of the world in mind-stuff. 

Transform Models 

Another rather extreme approach proposed recently has come 
to be referred to as the "l\olographic" or "tr.ansform" model 
[ 198 ]-[ 200 J . Essentially· what is suggested here, as I under
stand it, is that the information .of the universe is arrayed, not 

thereby downgraded from the fundamental coordinates of 
experience to useful ordering parameters, one could interpret 
such models to imply that consciousness may, by this mecha
nism, access any pdrtion of space and time to acquire informa
tion, and then interpret it in some characteristic form. 

The physicist David Bohrn, in conjunction with the psychol
ogist Karl Pribram, has elaborated such concepts to a consider
able degree of generality, proposing a so-called "implicate 
order" or "enfolded order" of fundamental reality frorn which 
the more familiar '1explicate order," i.e., the commonly mani
fest perceptions are assembled in accordance with the prevail
ing circumstances of their observation (201], (202]. 

Quantum Mechanical Models 

Probably the most exercised category of contemporary model 
attempts to apply tl"!e conc~pts and formalisms of quantum me
chanics to represent some of the paranormal effects presented 
in the psychic dom.ain. Of all the forms of physical analysis, 
quantum mechanid invokes the largest array of empirical pos
tulates that are at variance with conventional rationality, and 
yields in their impl~mentation a corresponding array of results 
which contradict c9mmon impressions of reality. The quan
tization process itself, which limits measurable properties to 
discrete values; th~ representation of particulate systems by 
wave functions; the: role of observation in collapsing the wave 
functions to a single state vector; the uncertainty principle; 
the exclusion princlple; the indistinguishability principle; and 
most drastic of all; the commitment to totally probabilistic 
mechanical behaviors-all, in some sense concede a degree of 
paradox in human perception of physical processes. The famil
iar conundrums of ('Schrodinger's Cat," "Wigner's Friend," or.·, 
the "Einstein-Podolsky-Rosen Paradox," all suggest t.hat the 
laws of quantum mechanics are not so much statements of 
fundamental physical reality, as of our ability to acquire in
formation about th~t reality. Quantum mechanics, in other 
words, does not so :much describe the state of a physical sys
tem as it describes our knowledge of the state of that system. 

It is somewhat in this spirit that a number of authors have 
aspired to model psychic process in quantum mechanical terms. 
Some have attempted to invoke the so-called "hidden., or un
used variables of the formalism to involve conscious process 
more explicitly in the behavior of physical systems [107], 
[ 204] -[ 208 J . Others have endeavored to draw analogies 
between the synaptic processes in the brain and quantum 
mechanical "tunneli*1g" [ 209 J. 

Given the primitiv'e state of the phenomenological data base, 
much of this effort may be prematurely elaborate and complex. 
Our own approach. to quantum mechanical modeling has been 
far more superficial and generic, attempting only to explore 
possible analogies between the paradoxical consequences of the 
formalism, and the paranormal evidence of certain psychic ex
periments. Again with the indulgence of the reader, we might 
sketch a bit of this argument, for the purpose of illustrating 
this class of approac~ with the example closest to hand. 

One conventional interpretation of the application of quan
tum mechanical forrhalism to the observable behavior of phys
ical systems is to asspciate appropriate mathematical operators 
with a corresponding measurement process. When applied to 
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the prevailing wave function of the system, these operators call 
out the observable values of the property in question as eigen
values of an equation of the form 

where M is the measurement operator, m; are the observable 
values of the measured property, and Vii the corresponding 
eigenstates of the wave function. Our approach is to general
ize this rnpresentation to include conscious systems as well as 
conventional physical ones, and to allow the measurement 
operator concept to include specification of psychological as 
well as physical properties. 

Thus, \Ve denote a particular individual consciousness by a 
"state function" Vii, and represent a situation to which it is 
exposed by an operator S. Application of the situation opera
tor to thi~ consciousness wave function then yields the possible 
psychological responses, s;, as eigenvalues: 

We then invoke certain aspects of quantum mechanical in
teraction theory to develop the capacity for "paranormal" be
havior of both physical and conscious systems. For example, in 
the traditional theory of the covalent chemical bond between 
two hydrogen atoms, one constructs from the separate atomic 
functions, ,µa and 1/lb, using arguments of symmetry and in-· 
distinguishability, a composite molecular wave function i/1 ab, 
which yields expectation values for the molecular energy levels 
substantially different from simple linear superposition of the 
atomic rnergy eigenvalues, i.e .. 

where ef and ef are the energy eigenvalues of the atomic 
systems, and f:::.efb embodies an "exchange energy" term 
which is classically inexplicable, but devolves formally from 
the postulate that the electrons are indistinguishable in the 
bonded configuration. Stated more bluntly, surrendering in
formation about the identity of the atomic electrons in the 
molecular configuration leads directly to a significant and ob
servable component of the binding energy, thus posing an 
equivalence between information and energy far more stark 
than th21t implicit in the second law of thermodynamics. 

Using similar formalism, we may represent the state function 
of two interacting individuals, or of an interacting individual 
and physical system, by a composite state function 1/lab whose 
behavior characteristics also differ significantly from those of 
the sepa.rated systems, i.e., 

where s11 denotes the "normal'' response of the first individual 
to the prevailing situation, and sf that of the second individual 
or of the physical system, and .o.sfb and Asfa denote modifica
tions of those behaviors arising becaus~ the two systems are 
strong}Jr interacting during the observed situation. 

As a specific example, to apply this approach to remote per
ception experiments we could denote the percipient by ,µP, the 
agent by 1/la, and the experimental protocol by the mathemati
cal operator P. In the absence of interaction between the per
cipient and agent, each would have certain "normal" reactions 
to the ,experimental situation, pf, p 1, deijved from the eigen
value relations: 

Pl/lf=pfiµf 

Pl/If= PJ '/If 
i.e., the percipient would perceiYe nothing about the target 
that was not accessible to his normal perceptual modes, and the 
agent would react to the target under no influence from the 
percipient. 

However, if the percipient and agent are strongly enough 
interacting to require a new "molecular" wave function, 1/lpa, 
"paranormal" terms will appear in their response patterns: 

pf 0 =pf+ pf+ t.pf'° + ApfP 

where in Apfa we may accommodate the anomalous acquisi
tion of information about the ta;get, and in flpf P the com
monly reported experience of the .1gent of having his attention 
attracted to specific details he would "normally" have ignored. 

Application of this formalism to a PK experiment proceeds 
in a similar fashion. Here we might represent the experimental 
operator ( person) by 1/1 °, and the experimental device by 1/1 d. 

Again the experimental protocol is represented by a mathe
matical operator, K. In the absen~e of major interaction, the 
device behaves "normally": 

and the operator has the "normal .. psychological experiences: 

K 1/lf = kf-.;1f. 
But if the operator and the devi:~ are in some state of reso
nance, 1/1 do, each behaves somewha, differently, i.e., 

k cfo = kq + k<? + A ,.qo + Akf?d I I I il .. , il I ' 

The anomalous modification in :he behavior of the system 
t..kf 0 is termed PK; f:::.kfd accomodates any paranormal psy
chological reactions of the opera to:. 

Development' of further illustrat:.ons of this general method 
here would be inappropriate and would require more detailed .-. .. 
specification of the nature of the consciousness wave functions, 
their functional form, their proper ·'soft" coordinates, and the 
interpretation of their quantum numbers. Some of this has 
been attempted, along with various other applications to the 
psychic domain, and is available in a reference (210]. The 
point of exposition here is largely a philosophical one: namely, 
the "paranormal" effects emerge a; a consequence of the com
parison of the behavior of an inteiacting system with that of 
its separated components. 

Quantum mechanics may haYe quite another analytical 
precedent to contribute to the representation of psychic 
phenomenology. Clearly, much of the psychic research data 
will continue to be acquired and processed in statistical form, 
using established statistical methods. Yet, all statistical models 
ultimately trace back to certain fundamental probability rules 
for the elemental systems involved. For the statistical models 
to be viable, these probability rules must a) exist; .b) be known; 
and c) be analytically tractable. At present, virtually all pro
cessing of psychic research data presumes the applicability of 
classical statistics, yet the basic probability rules for the ele
mental processes are, in point of fa..:t, unknown ( 21 l] , ( 212] . 
· It may fortuitously be the case that much of psychic process 

can be adequately treated as marginal deviation from classical 
chance behavior. In some cases, however, it may be necessary 
to invoke categorically different statistics, tracing back to funda
mentally different probability rules, to deal with the effects. 
The quail.tum mechanical precedents ofrelevance, of course, are 
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the two systems of quantum statistics, i.e., the Fermi-Dirac 
and Bose-Einstein systems, which are based upon the phase
space population rules for half-integer and integer spin particles 
as imposed by the Pauli principle, i.e., the wave function sym
metry requirements. For most common physical systems, these 
quantum statistics conveniently degenerate into the classical 
form, but for certain special situations, e.g., the specific heats 
of metals and certain radiation properties, their full applica
tion is essential. 

By analogy, one could postulate that physical reality, as per
ceived and influenced by human consciousness, actually plays 
by more elaborate probability rules than commonly attributed 
to it, and hence strictly requires a more complex statistical 
mechanics. Thus, in this view, the processes commonly regarded 
as "normal" would be those for which the "classical" approxi
mation to this more complex system is adequate; small-scale 
psychic effects would then comprise those displays of minor 
deviations of the complex statistics from the "classical" limit; 
the more drastic phenomena-poltergeists, levitations, metal 
bending, etc.-would presumably become explicable only in 
terms of the full statistical formulation. 

Holistic Models 

Yet more extreme in conceptual difficulty is a body of con
tention that psychic processes are inseparably holistic, and that 

.•. < no model rooted in any sector of established science can ad
equately represent them [ 213]. In particular, the suggestion 
is offered that psychic processes are manifestations of the inter
diffusion of the analytical, scientific world with the creative 
aesthetic world, and thus to represent them effectively it will 
be necessary to combine the philosophical perspectives and 
techniques of both domains. To resort to metaphor for illus
tration once again, one could ponder such analogies from the 
common physical world as the interface regions between the 
sea and land, where the diffuse patterns of the ocean wave 
structure meet the solid promontories and sloping beaches of 
the coa.~t to produce the crashing breakers and hissing foam of 
seashore phenomena, or the overrunning of a warm, moist 

•. atmosphere by a cold-front of drier, cooler air to initiate the 
sfriking· electrical and acoustical phenomena of the summer 
thunderstorm. 

By whatever analogy it may be illustrated, theoretical repre
sentation of the interpenetration of causal physical mechanics 
with creative conscious process must be a formidable under
taking, yet not totally without precedent or allied effort. For 
examples, interest is just now growing in the humanistic psy
chology community in the analytical study of human creativity 
[ 214] - [ 216], and, on the other side of the in.terface, a few 
physicists are beginning to muse openly· about the role of 
aesthetics in su_bnuclear and cosmological physical behavior 
[217]-[220). In yet a different arena, certain futurists are 
now examining the interplay of aesthetic and functional hu
man needs and values in the evolution of social and political 
structure (221]. To be sure, none of these has produced much 
in the way of analytical formalism, but the peculiarity, magni
tude, and significance of the interpenetration effects are being 
acknowledged. 

Any summary assessment of the status of physical models of 
psychic phenomena should properly begin with reiteration of 
the opening statement: none of the approaches outlined above 
has yielded°anythingapproaching a functional theoretical basis. 
Yet, the ensemble of empi.{ical experimental experience seems 
to sugge;t that certain of the conceptual and' perceptual char-

acteristics underlying:· those formalisms may be relevant to 
ultimate representation of such processes. Specifically, they 
suggest that the following rather general hypotheses may be 
worthy of more detailed examination: 

1) The phenomena luay be inherently statistical, rather than 
directly causal, and wd may be observing them "on the margin.·· 
That is, the observed phenomena may represent marginal 
changes from normal ~ehavior on a very grand scale and with 
fluctuation times whiqh tax human observational capability. Ii 
also may be necessary to deal with more complex statistical 
mechanics, appropriate to more involved basic probability 
rules, to represeni the imost drastic effects. 

2) Just as humin cti:msciousness has the ability to extract in
formation from an external system, e.g., by observing 1t, tha: 
consciousness may also have the ability to project information 
into it, e.g., by ordering random processes. 

3) Quantum mechanics may be more than a system of physi
cal mechanics; it may be a more fundamental representation of 
human consciousness and perception processes, and the empiri
cal pillars of this formalism, such as the uncertainty principle. 
the exclusion principle, the indistinguishability principle, and 
the wave/particle dualities may be as much laws of conscious
ness as laws of physic~. 

4) Psychic process~s may be inherently holistic, and thus 
the ultimate model r(lay need to integrate both the scientif:: 
and the aesthetic asp;ects in order to identify the sources c:· 
the phenomena. Thai is, psychic processes may be manifest:c· 
tions of the intersection of the analytical, scientific worl.:i 
with the creative, aesthetic world, and thus, to represent thef.'l 
effectively, it may be necessary to integrate both perspectives 
without sacrificing th~ integrity of either. 

Oearly, any of these intuitions will have to be developed i.,, 

far more philosophical and analytical detail before a trenchant 
theoretical model can emerge, but at this primitive stage it is 
probably stimulating to consider a few such radical possibilities, 
along with more prosaic explications. Changes of thls magn:
tude in representation of human perceptual reality inevitably, 
and properly, would 1 be attended by much philosophical re
calcitrance and agon,i, but the broader personal and collective 
insights that could d~rive from legitimate efforts to bridge the 
analytical/aesthetic interface could be of at least corresponding 
benefit. 

THE NEGATIVE SIDE 

Contemporary criticism of psychic research and rejection of 
the phenomena it purports to demonstrate tend to focus on a 
number of specific objections, each of which has some degree 
of validity and merits some thought in any balanced assess
ment of the topic p 18], [ 178], (222)-(224). Tite most 
commonly cited com::ems include: 

1) demonstrable fraud; 
2) naivete of technique, including inadequate controls, 

faulty equipment, .sensory cuing of participants, other 
experimenter bias~s. selective treatment of data, im
proper statistical methods, and general experimental 
and theoreticai incompetence; 

3) little improvement in comprehension over many years 
of study; 

4) absence of adequate theoretical models; 
5) suppression ofnegative results; 
6) poor experimental replicability; 
7) elusiveness of ~ffects under close scrutiny; 
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8) sensitivity of results to participants, attitudes, and labora- ratio of positive 1o negatfJe-yn:rd19J>PiU>J!QJ~of experiment, 

to.ry ambience; thereby contributing to a broader sense of the grand !!tatistics 
9) te111dency for many results to be only marginally signif- of the phenomena. In addition, documentation of the specific -

icant compared to chance expectation; conditions prevailing in unsuccessful experiments may be help-
1 O) inconsistency with prevailing "scientific world view;" ful in excluding irrelevant pa~ameters from further considera-
11) contradictory to personal psychology, philosophy, tion, and in identifying and reducing counterproductive influ-

theology, or "common sense." ences. Perhaps most pointedly, however, the body of negative 

Obviously this list runs a gamut from rather technical and pro
cedural objections, through phenomenological inconsistencies, 
to rather categorical and subjective rejections, and only a few 
of these issues can be constructively addressed here. 

Unfortunately, but undeniably, one or the other of the first 
two judgments may legitimately be applied to a large body of 
the propounded results. By its nature, the field is immensely 
vulnerable to fraudulent exploitation and naive gullibility, and 
such have indeed occurred to a distressing degree. It is also 
true th,11: the topic has attracted a disproportionate share of less 
than fully competent researchers, and that it presents extra
ordinary pitfalls for even the most disciplined scholars. Yet 
despite the substantial validity of these claims, and the suspicion 
they inevitably cast on all other results, it does not seem that 
they should predicate categorical rejection of the entire field. 
Rather, the vulnerable cases should be patiently ferreted out 
using obvious scholarly criteria, and only those efforts surviving 
such scrutiny used for scientific insight and judgment. 

The lack of definitive progress toward comprehension o.f the 
phenomena and the absence of viable theoretical models have 
already been acknowledged in the foregoing text, and although 
these assessments should perhaps be qualified by the relatively 
minute integrated investment of resources made in this field in 
comparison to many of the more favored areas of science, they 
nonetheless constitute legitimate concerns about the ultimate 
tractability of the field. It should perhaps also be noted that, 
despite the prolonged effort, it is only very recently that more 
sensitive and powerful experimental equipment and data pro
cessing techniques have been brought to bear, and equally re
cently that more sophisticated physical formalisms have been 
invok,ed. and that these have had a much briefer opportunity 
to render the phenomena into comprehensible terms. 

The subsequent five objections, 5)-9), are more specific and 
substantive, and merit examination from two orthogonal points 
of view. Namely, to what extent do such characteristics indeed 
invalidate the results, and conversely, to what extent might they 
illuminate the basic nature of the phenomena? With respect to 
suppression of unfavorable results, there has undoubtedly been 
some tendency in this field, as in most others, to advance posi
tive or definitive findings more enthusiastically than negative 
or equivocal ones. Indeed, this paper has been guilty of the 
same bias. In an effort to provide concise representation of 
the style and substance of psychic research and of the nature 
of the effects it can produce, we have tended to invoke as illus
trations some of the more successful and familiar pieces of 
work without balancing the presentation with comparable ex
ampks of the negative or equivocal results that are regularly 
acq uiired in these efforts. 

To the credit of the psychic research community, it has offi
cially encouraged thorough and objective reporting of negative 
data, and much of these indeed appear regularly in its established 
journals [225]-[228], with a number of consequent benefits. 
First, beyond adding credibility to the body of positive results, 
such data compound to provide some quantitative index of the 

and equivocal data emphasize that psychic phenomena, if real, 
are highly irregular and sensitive to intangible influences well 
beyond current scientific control, and, if their study is to be 
pursued, this caveat must be accepted ab initio, at least for the 
present. 

A similar interpretation also applies to the irreplicability 
complaint, and to the three following it. Without question, 
the dominant experimental frustration in this field is the in
ability to replicate on demand previously observed paranonnal 
effects, not only at other laboratories, but even in the original 
facility, using the original participants, under apparently identi
cal experimental circumstances [172), [173], [229]-[231]. 
This ubiquitous characteristic has precipitated major philosoph
ical excursions which are well beyond our capacity to review 
here. Only briefly, four possible categorical interpretations 
have been advocated: 

a) The phenomena are illusory. , · ::- · 
b) The phenomena are rare and bizarre chance occurrences,· 

beyond any hope of regularization. 
c) The phenomena are precipitated, at least in part, by psy

chological and/or physiological factors which are presently 
beyond experimental control, but which if fully compre
hended would conform to established scientific paradigm. 

d) The phenomena are inherently statistical, and possibly 
.quantum mechanical, on a macroscopic scale, thus mani
festing themselves with finite but fractional probability 
on any given occasion. 

·· The latter pair of options are not necessarily mutually exclu
sive, particularly if one takes a rather generous doubly statistical 
point of view, namely that the human population embodies a~ •. 
range of capability for engendering such effects and that beyond 
that, any individual may display a variable range of personal ca
pacity, depending on a variety of environmental, physiological, 
and psychological factors prevailing at the time. 

The evasiveness of the phenomena under carefully controlled 
and observed study may be the most damning criticism of all, 
or it may also constitute a valid and illuminating phenomeno- · 
logical characteristic. The tendency of a given preliminary or 
anecdotal effect to disappear or diminish when the experiment 
is tightened, or when it is displayed to a skeptical jury of ob
servers, obviously casts major doubt on the scientific integrity 
of the process. Yet it also brings to mind at least two other pro
ces~es which, while superficially dissimilar, may not be totally 
irrelevant, namely artistic creativity, and quantum mechanical 
measurement as limited by the uncertainty principle. In the 
former, there should be little quarrel that the creative processes 
of artistic, musical, or literary composition, or of lofty philo
sophical thought in general, are not usually facilitated by rigid 
constraints or by the presence of a body of unsympathetic 
observers. The importance of favorable ambience and mood 
for such efforts is intuitively and demonstrably clear, and little 
creative achievement is likely to occur in overly sterile or hostile 
environments, a truth Richard Wagner vividly conveyed to his 
own critics by his portrayal of the fate of young Walther at-
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Meistersingers. Virtually every creative artist preserves some ... the results of ¢e telepathic experiments carefully and 
form of retreat or sanctuary, and even the most rigorous of plainly set forth in tJi.is book stand surely far beyond those 
scientists will concede the role of unstructured mental imagery which a nature investigator holds to be thinkable [ 152 J. 
in enhancing their technical insights. could in quite anothet tone testify eloquently to the impor-

The analogy of the quantum mechanical measurement process tance of the aesthetic 4imension in creative science: 
is somewhat more strained. in that it requires generalization of The most beautiful ::uid most profound emotion we c.3.11 ex-
the concept to the macroscopic level of information or eriergy periencc is the scnsat(on of the mystical. It is the sower 0f all 

true science. He to whom this emotion is a stranger, who can no 
exchange between two persons or between a person and a longer wonder and stal)d rapt in awe, is as good as dead. To know 
physical system. The point will not be developed here, other that what is impenetrable to us really exists, manifesting itself as 
than to note that if there is any validity to the application of the highest wisdom a~d the most radiant beauty which our dull 
quantum mechanical logic to this class and scale of intellectual/ faculties can compreh'md only in their most primitive forms-
intuitive process, as discussed earlier and in the references, this knowledge, this feeling is at the center of true religiousness. 
some form of "uncertainty principle" could predicate a limit The cosmic religious experience is the strongest and n0blest 
to the precision with which psychic effects could be observed. mainspring of scientifi~ research [236]. 
More specifically, if the "hard" and "soft" coordinates ofrepre- Individually and collectively, these critical challenges topsy-
sentation are canonically conjugate, some form of b.q b.p - h chic research raise val~d concerns which merit deliberate atten-
rule may apply, so that attempts at excessive precision in speci- tion and predicate great caution, and can also help to illuminate 
fication of a psychic effect could dissipate its cause, and vice- some of the subtle ph~nomenological features. However, they 
versa [ 21 O] . can perform these fu,,ctions well only if they themselves are 

The final two reservations regarding inconsistency of the phe- informed, reasoned, and fair. Regrettably, from my reading of 
nomena with established scientific and personal views, while the critical literature, this has not invariably been the -:ase, and 
constituting powerful proiessional and personal discriminators instances of naivete, selective representation of data 1nd pro-
and properly predicating great caution and discipline in ventur- tocol, and excessive ge:;ieralization also appear therein. 
ing into any anomalous field, also cannot be allowed total veto The role of the criti': in psychic research is a most essentill 
authority if new domains of conceptual experience are ever to one, perhaps more so than in any field of scholarship yet 

~,.be challenged. In responding to a critic of an earlier paper who broached. When the criticism is based in fact and experien;:e 
stood on these points I wrote, perhaps too floridly, and is objective and fair, it can instill healthy discipline in the 

Authoritarianism such as this encourages established knowledge 
to sit smugly on its duff and categorically reject all new evidence 
that does not support or fill in its contemporary "world-view 
compatability criterion"-whatever that is. Worstof all, it stifles 
the most precious attribute of human consciousness, the yearning 
for ever new, ever higher wisdom that has driven the mind and 
spirit of man to evolve upward, rather than merely to replicate 
[232]. 

More persuasive to this issue, however, would be a simple histor
ical count of the number of leaps of scientific insight, from · 
Aristotle to this day, which would have been, and in most 
cases ,were, for a time, rejected on the basis of these criteria. 
Curiously, it has often been those giants of science who with 
soaring insight and courage of conviction violated such tenets 
to lead their fields to new plateaus of understanding, who also, 
in a later day, led the recalcitrance of the establishment against 
comparably sacrilegious visions of their successors, while still 
endorsing in general terms the importance of visionary thought. 
Galile.o, early champion of scientific methodology and revolu
tionary concepts in terrestrial and celestial mechanics against 
vicious dogmatic opposition, rejected Kepler's elliptical orbits 
as "occult fantasy"; Thomas Young, whose brilliant interference 
experiments finally established the wave character of light, 
contended with Fresnel's theoretical formulations of the same 
processes; Ernst Mach disputed relativity and atomic theory; 
Rutherford, who showed the world the nuclear atom, dismissed 
any practical significance .for nuclear energy; Lavoisier and 
Ostwald disputed atomic theories of chemistry; D'Alembert 
opposed probability theory; Edison discounted alternating 
current; ·Lindberg despaired of Goddard's rocketry; and Albert 
Einstein retained an enduring uneasiness about quantum theory 
despite his many contributions to its evolution [ 233] -[ 23 5] . 
Incidentally, the same Albert. Einstein who would invoke the 

· establishmerit criteria against Upton Sinclair's clairvoyance 

study of this or any other difficult field and ensure that the 
fundamental requisite~ of scientific methodology, e.g., dispas
sionate rigor, humilit~· in the face of observations, limitation 
on extrapolation of results, and openness of mind will prenil 
in the search. But it is equally essential that the process of 
criticism play by thes~ same rules. If it violates any of then, 
if it lapses.into categorical rejection, guilt by association, or 
sloppy logic, it can .become as suspect as the object of ::s 
complaint, and thus fail in its proper role [ 23 7 J :· 

lMPLICATJONS 

Despite their compounded length, the foregoing historical 
outline, survey of contemporary activity, and selected ex
amples of ongoing research and theoretical efforts are still iar 
from adequate to con.vey the full essence of this complex and 
contradictory field. 'Fortunately an extensive body of refer
ence literature exists; including a number of comprehensive 
general volumes, whereby an interested reader may flesh out 
this sketch and extend it to many aspects not broached here 
[6], [44], (45], [$6], [57), [92], [130], [238]-(242]. 
Hopefully, such more thorough study would tend to confirm 
the general impressions of the status and prospects of the field 
conveyed above. To.restate these in summary, it appears that 
once the illegitimate r:esearch and invalid criticism haYe been set 
aside, the remaining accumulated evidence of psychic phenom
ena comprises an amiy of experimental observations, obtained 
under reasonable protocols in a variety of scholarly disciplines, 
which compound to a philosophical dilemma. On the one hand, 
effects inexplicable i~ terms of established scientific theory, yet 
having numerous common characteristics, are frequently and 
widely observed; on the other hand, these effects have so far 
proven qualitatively and quantitatively irreplicable, in the strict 

· scientific sense, and appear to be sensitive to a variety of psycho
logical and environm~ntal factors that are difficult to specify, 
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let alone control. Under these circumstances, critical expen· - · T. f tlons. o ocus our-assessment of such possibilities, we are now 
mentation has been tedious and frustrating at best, and theoret- examining PK disturbance of the memory function of a single 
ical modeling still searches for vocabulary and concepts, well microelectronic chip [ 243). If the' indications that psychologi-
short of any useful formalisms. cal and environmental factors bear on the precipitation of such 

Given these difficulties, what then are the motivations if any effects aje sustained, it may be necessary to expand considera-
to proceed'? As for most speculative topics, three p~tenti~ tion of such parameters beyond the usual scope of human 
generic benefits could be considered: f · · actors engmeenng, especially in situations involving high psy-

a) acquisition of fundamental knowledge, chological stress. 
b) practical applications, The potential humanistic benefits· of better comprehension 
c) humanistic benefits. of psychic phenomena could be addressed on either a personal 

In this particular field, basic knowledge might accrue in two or social level, but to do so in any .detail would far exceed the 
ways-the attainment of new scientific information in the usual purview of this article. Again, extensive references on various 
sense, and the broadening of scientific methodology to deal facets of the issue abound [244 ]-[ 252). Ultimately, most of 
more effec:tively with irregular phenomena of this type. Jn other these philosophical excursions arrive at the same monumental 
words, study of this topic not only might provide certain phe- qu~stion, namely whether convincing demonstration of the 
nomenological answers, but also might serve to broaden the capability of human consciouness to influence its reality to a 
context in which science can formulate its questions. New significaht degree would substantially alter individual and col-
mechanisms for transfer of information or energy might be lective perception of the human state, its value system, and 
identified, or broader understanding of those properties, and its behavior pattern, and thereby facilitate its evolution to a 
how they are perceived and measured might emerge. The latter higher life form. Such projections have been offered from a 
half of the opportunity dearly is a major challenge to science, variety of perspectives. Engineer/futurist Willis Harman fore-
but hardly a new one. William James posed it rather bluntly casts an _"inner experienc·e" paradigm: 
some eighty-five years ago: Just as conventional science depends upon a prior consensus· -

The spirit and principles of science are mere affairs of method; on how knowledge of the sense-perceived world shall be publicly 
there is nothing in them that need hinder science from dealing tested and validated, so the complementary paradigm will have 
successfully with a world in which personal forces are the starting to include consensus on how knowledge relating to the world 
point of new effects. The only form of thing that we concretely of inner experience shall be publicly tested and validated. 
have is our own personal life. The only completed category of Its essential characteristic would be that consciouness and its 
our thiriking, our professors of philosophy tell us, is the category contents are primary data, rather than being secondary and de-
of personality, every other category being one of the abstract rivative as in the conventional paradigm. Where the conventional 
elements of that. And this systematic denial on science's part of paradigm involves reductionistic models the complementary para-
personality as a condition of events, this rigorous belief that in its digm would add holistic models; where the fust employs deter-
own essential and innermost nature our world is a strictly im- ministic (or stochastic) explanations of events the second would 
personal world, may, conceivably, as the whirligig of time goes add teleological, purpose-recognizing explanations; where the fust 
round, prove to be the very defect that our descendants will be is little involved with matters of values and meaning, the second 
most stuprised at in our boasted science, the omission that to findS'these of central concern; where the fust is dominated by 
their eyc:s will most tend to make it look perspectiveless and technology-focused values of prediction and control, the second "•- .--;~ 
short (24] . would tend to value understanding relating to human well-being, 

The potential applications of psychic process are best con- development and evolution [221]. 
sidered with conservatism and restraint, especially given the Biologist/immunologist Jonas Salk phrases it more in terms of 
tendency of certain elements of the public media and private a resonance of human volition with natural processes: 
exploiters to extrapolate the possibilities far beyond any dem- Man has come to the threshold of a state of consciousness, re-
onstrated accomplish_ments. Oearly, the process of remote garding his nature and his relationship to the Cosmos, in terms that 
perception described earlier, along with other forms of clair- reflect 'reality.' By using the processes of Nature as metaphor, 
voyance, could hold some potential interest for intelligence to describe the forces by which it operates upon and within Man, 
agencies, law enforcement units, and any other activity relying we come as close to describing 'reality' as we can within the limits 

•
11 

of our comprehension. Men will be very uneven in their capacity 
on surve1 ance, as well as for archaeological searches, natural for such understanding, which, naturally, differs for different ages 
resource prospecting, and the like, and such operations have and cultures, and develops and changes in the course of time. For 
indeed engaged in empirical efforts to evaluate the ~fficacy of these' reasons it will always be necessary to use metaphor and 
such strategies in their particular domains. From a strictly myth to provide 'comprehensible' guides to living. In this way, 
engineering standpoint, however, the potential efficiency and Man's imagination and intellect play vital roles in his survival and 
precision of such tactics are unclear, given their apparent ten- evolution [249]. 
dency to trade more effectively in impressionistic generalities And philosopher/paleontologist Teilhard de Chardin states his 
than in analytical detail. hope in terms of a collective consciousness of the human race: 

Low-level PK effects, such as the REG distortions indicated Thus we find ourselves in the presence, in actual possession, of 
above, could have more pervasive implications for high technol- the super-organism we have been seeking, of whose existence we 
ogy. If, for example, the basic functions of microelectronic were intuitively aware. The collective mankind which the sociol-
elements could be even slightly disturbed by intentional or in- ogists needed for the furtherance of their speculations and formu-
advertent intervention of human consciousness, it would seem lations now appears scientifically defined, manifesting itself in its 
important to obtain some assessment of the potential magni- proper time and place, like an object entirely new and yet awaited 
tude of such effects, and of the factors favoring or inhibiting in the sky of life. It remains for us to observe the world by the 
such intt:rference, before much more elaborate integrated cir- light it sheds, which throws into astonishing relief the great en

semble of everyday phenomena with which we have always lived, 
cuit arrays, graphic display systems, and other sensitive man/ without_perceiving their reality, their immediacy or their vastness 
machine interfaces are committed to delicate or critical opera- (253]. 
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On a somewhat less lofty, but possibly more fu}l~i?rµl l~~\...pg~~~!~~~OCJU~J:t.p.re~ously stored <lat.a by any 
a recent \o.fil91mvecbf~~~@A;MQih't<ReptM~ift'iJ:' permutation of ten ~a.ramet~c md1ces, e.g., sampling rat.e, 
tives Science and Technology Committee, in a section encourag- manual/automatic, volittonal/mstructed, operator charactens
ing serious assessment of further research on "the physics of tics, etc. For any: such parametric explorations to be indicative, 
consciousness," stated that recent experiments: the pertinent dat~ subset must be adequately large to display 

suggest that there exists an 'interconnectiveness' of the human any systematic deriation from the baseline distribution beyond 
mind with other minds and with matter; ... that the human mind the statistical noise background. This we have found to re-
may be able to obtain the information independent of geography quire at least several thousand trials; the implication for the 
and time total data base is <ilear. 

and later concluded that: This very large data capability inevitably predicates a sophis-
... a general recognition of the degree of interconnectiveness tication in equiprhent and software which, beyond the initial 

of minds could have far-reaching social and political implications and operating expenses, may introduce some undesirable effects 
for this nation and the world [254]. of complicating tne phenomenological processes and clouding 

The details and tones of these visions clearly are matters of the experimental ambiences. Specifically, one needs to consider 
indiyidual heritage, experience, and intuition, but the messages whether any observed effects, in either the PK or ESP categor:es, 
share a common theme: the next stage in human evolution may still trace unequivt>cally to the primary physical processes, or 
involve expansion and interconnection of human consciousness, whether there now might arise confounding interactions v.ith 
fec1tures clearly central to the psychic concept. elements of the data collection and processing equipment or 

Beyond the difficulty of the phenomena and potential bene- techniques. Related to this concern are possible uncertainties 
fits of the knowledge, a more prosaic factor to be considered of the participants in defining and focusing on the primary 
in contemplating further psychic research is the requisite cost tasks. 
of the effort. To date, such experimentation has been extra- Reservations of this sort lead directly to a second general r~c-
ordinarily inexpensive by usual scientific standards. The primi- ommendation for effective psychic experimentation. Namely. if 
tive level of comprehension, the lack of organized interest within the phenomena derive to any significant degree from conscious 
the established scientific communities, and the Bohemian status or subconscious processes of the human mind, it is importmt 
of many of the investigators have predicated projects of very that such not be inhibited or excessively complicated by the 
low budgets compounding to a total annua·1 national investment design and operati6n of the experiments. For this and numer-
of the order of one million dollars or less [ 255]. Clearly, if ous other reasons, H is probably essential in planning and i:11-
more incisive progress is to be attempted, some increase in the plementing the exp,erirnental programs to include the insights, 
sophistication and interaction of the principal programs must interpretations, and intuitions of the human operators, espe-
be funded, but it is most unlikely, and for the time probably cially those who have demonstrated some success in the gen-
undesirable, that this will consume any magnitude of resources eration of the phenomena. It is quite possible that the differ-
comparable \l.ith, or distractive from, the better established re- ence between a sterile experiment and an effective one of equal 
search domains. A comparable statement could be made with rigor lies as much irt the impressionistic aspects of its ambience 
respect to commitments of the requisite scholarly personnel. and feedback as in ~he elegance of its instrumentation, and the 

If on the basis of such cost/risk/benefit considerations a former need to be well-tuned to the participants who are asked 
modest ongoing program of research seems justified, it re- to function as comp;onents of the experiment!il system. On oc-
mains to consider the selection of topics, experimental styles, casion, there seems to have been some tendency in this field to 

and evaluation criteria which would optimize the effort at this treat the experimental particip!!nts in rather perfunctory fas.h-
stage. In addition to the obvious desiderata that the specific ion, discounting any insights they might offer on the tasks at 
experiments be clearly posed, conceptually simple, lend them- hand. If one subsc1ibes at all to the concept of the phenomena 
s(llves· logistically to rigorous, tightly controlled protocols, and emerging from some interpenetration of analytic and intuitive 
focut on the more tractable and potentially applicable effects, processes as suggested by the holistic models, there would seem 
three more specific recommendations could be offered. no better place to combine perceptions and insights from these 

First, given the irregularity of the phenomena, their possible two domains than in the design, operation, and interpretation 
dependence upon a broad range of physical, psychological, of the experiments addressed to illumination of the interface. 
physiological, and environmental parameters, and their ten- Finally, it seems most evident that given the intrinsic traru-
dency to display effects as marginal deviations from some disciplinary nature of the business, research on this topic in 
"normal" distributions, some premium should probably be any established sector should become much more communica
placed on the capacity of the experiments for large data base tive and interactive across traditional scholarly boundaries if it 
accumulation and processing. While less prolific studies may is to have any hope of rendering the phenomena into compre
continue to provide interesting anecdotal effects and suggest hensible and serviceable terms. This cross-talk cannot be 
procedures for more detailed programs, it is unlikely that much limited to naturally contiguous fields, a la the usual exchange 
correlation of those effects with pertinent prevailing parameters between physicist ani:I engineer, or between psychologist and 
can be achieved without large quantities of data. More specifi- sociologist. As its lehgthy heritage illustrates, in this domain 
cally, the favored experiments should I) deal with processes the interests and insights of the theologian, philosopher, statis
found to have relatively high intrinsic yields; 2) employ equip- tician, technologist, hard scientist, and creative holistic thinker 
ment and protocols which permit data acquisition at rapid rates; are all potentially valid, and need to be melded in scholarly 
and 3) have access to computational equipment and software symbiosis and common respect. No insular approach is likely 
which allow storage of large data arrays and processing of that to prevail. · 
data in many selective cross-concatenations. As an example, This requisite has implic11ations for the staffing of particular 
the latest refinement of the \R.EG experiment described earlier · projects, for the institutional environment in which they oper-

. allows acquisition, storage, and primary processing of several ate, and for the professional societies and publications which 
-hundred experimental trials ("'l 05 - I 06 bits) per hour, and choose to attend to t~is topic. Individual laboratory personnel 
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groups :should comprise a broader range of experience and in
sight than the conventional hierarchy of technical specialists, 
and the:ir cognizance of other contemporary work should be 
broader. The institution housing that laboratory needs to dis
play considerable tolerance and support for the unusual tone 
and special requirements of the research and not force its con
formity to established scientific subdivisions and research styles. 
Likewise, the professional community at large cannot at this 
time profitably ask for total adherence to its own reductionistic 
superstructure, but can only inquire dispassionately regarding 
the respective implications of this conglomerate field for the 
traditional areas of endeavor. 

In this last regard, I should like to express my personal re
spect for this particular Society, and for this particular Journal, 

, for the openness and generosity of spirit with which they have 
solicited and presented the results of legitimate scholarly effort 
in this difficult field. Their attitude could well stand as a model 
for other institutions and organs .in dealing with this topic or 
with any other present or future projective area of human 
inquiry. 
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Psychology and Anomalous Observations 
The Question of ESP in Dreams 

Irvin L. Otild 

ABSTRACT: Books by ps:,dwlogisLS purporting to of 
fer critical reviews of research in parapsychology do 
not use 1he scientific standards of discourse pre,.aJent 
in psychology. Experimenis a! Maimonides Medical 
Cen1er on possible extrasensory perception (ESP) in 
dreams are used to illu.straJe this point. The e.xperi
menls have received liule or no mention in some re
views 10 which they are dearly pert_inenl. In others, 
they have been so se,,erely distorted as to give an en
tirely erroneous impression of h(JY,) they 'rffre con
ducted. Insofar as psychologiscs are guided by these 
reviews. they a·re pre,,ented from gaining accurate in
JormaJion abow research thaJ. as surveys show, .,.,ould 
be of wide inJerest to psychologiscs as 'K)(?/1 as to others. 

In recent years, evidence bas been accumulating for 
the occurrence of such anomalies as telepathy and 
psychokinesis, but the evidence is not totally con
vincing. The evidence has come largely from expc:::ri
ments by psychologists who have devoted their careers 
mainly to studying these anomalies, but members of 
other disciplines, including engineering and physics, 
have also taken part. Some psychoklgists not primarily 
concerned with parapsychology have taken time:out 
from other professional concerns to explore such 
anomalies for themselves. Of th~, some have joine,:l 
in the experimentation (e.g., Crandall & Hite, I ~83; 

. Lowry, 1981; Radin, 1982). Some have criticalJy re
viewed portions of the evidence (e.g., Akers, 1984; 
Hyman, 1985 ). Some, doubting that the phenomena 
could be real, have explored nonrational processes 
that might encourage belief in their reality (e.g., Ay
eroff & Abelson, 1976). Still ct.hen, considering the 
evidence substantial enough to justify a constructive 
theoretical effort, have struggled to relate the apparent 
anomalies to better establish~ knowledge in a way 
that will render them Jess anomalous (e.g., Irwin, 
J 979) or not anomalous at all (e.g., Blackmore, 1984 ). 
These psychologists differ widely in their surmise 
about whether the apparent anomalies in question ,wil] 
eventually be judged real or illusory; but they appear 
to agree that the evidence to date warrants serious 
consideration. ·, 

Serious consideration of apparent anomalies 
seems an essential part of the procedures of science, 
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regardless of whcther it I.cads to an understanding of 
new discoveries or to an understanding oi how pcr
masivc il!US1ons arise. Apparent anomalics-jus-t like 
the more numerous observations that arc not anorn
aJous-can receive appropriate attention only as they 
become accurately known to the scientists to whose 
"Wark tky arc relevanL Much parapsychologicaJ re
sc.arcb is barred from being seriously considered be
cause it is either neglected or misrepresented in \l,T!t· 
ings by some psychologists-among them, some who 
have placed themselves in a prime position to mediate 
interaction between para psycho l ogi caJ rcsc..ar ch and 
the genera.I body of psychological knowledge. In th.is 
article, I illustrate this important general point with 
a particular case, that of experiment.al rcsc.arch on 
possible ESP in dream.s. It is a case of especially great 
interest but is not un'represcntativc of how psycho
logical publications have treated similar anomalies. 

The Maimonides Research 
The experiment.al evidence suggesting that dre.ams 
may acrually be influenced by ESP comes almost en
tirely from a research program carried out at the 
Maimonides Medical Center in Brooklyn, New York. 
Among scientists active in parapsychology, this pro
gram is widely known and greatly respected. lt has 
had a major indirect influence on the recent course 
of para psychological research, although the great ex
pense of dream-laboratory work has prevente.d it from 
being a direct model. 

None of the Maimonides research \l.a.S published 
in the journals that are the conventional media for 
psychology. (The only possible exception is that a 
summary of one study [Honorton, K.rippner, & Ull
man, 1972) appeared in convention proceedings of 
the American Psychological Association.) Much of it 
was published in the spccializ.ed journals of parapsy
chology. The rest was published in psychiatric or other 
medical journals, where it would not be noticed by 
many psychologists. Most of it was summarized in 
popularized form in a book (Ullman, K.rippner, & 
Vaughan, 1973) in which two of the researchers were 
joined by a popular writer whose own writings are 
clearly not in tbe scientific tradition, and the book 
depans from the pattern of scientific reponing that 
characteriz.es the original research reports. 

1219 

Approved Fo·r Release 2003/04/18: CIA-RDP96-00789R003100030001-4 



Approved For Release 2003/04/18: CIA-RDP96-00789R0031000300Q1-4 

HCM·, then, would this research come to the at
ten ti on of psychologists, so that its fi n<li ngs or its C!TOf5 

might ia time be evaluated for their signi'fic:ancc to 
the body or systematic observations upoa which psy
chology h2S been and will be built? The experiments 
at Maimo:udcs were pubLishcd between alx>ut 1966 
and 1972. Ia the years s.incc-now over a decade
five books b.ave bcc.o published by academic psy
chologists :.hat purport to olfer a scholarly review and 
evaluation of para psychological rc::scarch. They vary 
in the extent to which they seem addressed to psy
chologists themsclve5 or to their students, but they 
seem to tx the principal route by which either present 
or future psychologists, unless they have an already 
cstablishcc interest strong enough to lead them to 
search oul the original publications, might become 
acquaintec with the experiments on ESP in dreams. 
I propose :o review how these five books have pre
sented kncwledge alx>ut the experiments. First, how
ever, I must offer a summary of the experiments; 
without that, my review would make sense only to 

· readers already weU acquainted with them. 
The experiments at Maiman.ides grew out of 

Montague UUman's observations, in his psychiatric 
practio:, of apparent telepathy underlying the content. 
of some dreams reponed by his patients-observa
tions paraJ!el to those rcpor1ed by many other psy
chiatrists. He sought to determine whether this ap
parent phenomenon would appear in a sleep labora
tory under controlled conditions that would seem to 
exclude imerpretations other than that of ESP. He 
was joined in this research by psychologist Stanley 
Krippner, now at the Saybrook Institute in San Fran
cisco, and;;, link later by Charles Honorton, now head 
of the Psychophysical Research Lalx>ratories in 
Princeton, New Jersey. Encouraged by early findings 
but seeking to improve experimental controls and 
identify o;:,:imaJ conditions, these researchers, assisted 
by numerous helpers and consultants, tried out var
ious mcx:lifications of procedure. No one simple de
scription of procedure, therefore, can be accurate for 
all of the experiments. But the brief description that 
follows is not, I believe, misleading as an account of 
what was generally done. 

Tiu E:r:pln'men ta/ Proaduu 

Asubject would come to the laboratory to spend the 
night there as would-be percipient in a study of pos
sible telepathic inOuence on dreams. He or she met 
and talked witb the person who was going to serve as 
agent (that is, the person who would try to send a 
telepathic message), as· weU as with the two experi
menters taking part that night, and procedures were 

Rcquc:ru ror rcprinu should be sent to Irvin L. Child at the De
partment orPiychology. Yale Un~ry. P.O. Bo~ I IA. New H=. 
Connecticut 065~0. 7447. 
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a puj ncd in dcuiJ u nJ css lbc pcrci pie n t was a rcp:::a tcr 
for whom tiut step was not ncccss.ary. Wben ready~. 
to go to bccl, the percipient was wired up in the usual
way for rn'onitoriog of brain waves and eye move
mcn(5. and he or she had oo further cont.act ...,.-;tb the 
2g.cnt or ascot's cxpcrimc~tcr until_ after the session~ 
was compl¢tc:d. The e:r:.pcnmcntcr 10 tbe nexl_ r°:'m 
monitored :the pcrcipicot's sleep and at the t:x:g:i:in1ng 
of each period or rapid eye movements (REM). wben _ 
it was rcasqnably certain the slccpcr would lx d~c.am-=
ing, notificrl the agent by pres.sing a bULZCT. 

The agent was in a remote room in the buiicLlng., 
provided with a target picture (and sometimes acces-=
sory material echoing the theme of the picture) ran- -
domlv chosen from a pool of potential targets 2.5 the 
m~gt to: be concentrated on. The proccdu~c for 
random choice ofa target from the pool was designed""' 
to prevent anyone ds.c from knowing the idcr.t.:ty of 
the target. trhe agent did not open the packet con
taining the Jarge! until isolated for the night (~:r:.cept~, 
for the one-way buzzer communication). Whe:ievercc' 
signaled.that the percipient had entered a REM pe-
riod, the agent was to concentrate on the targe:. ""1th 
the aim of corn municating it telcpatrucally to L"'.~ per---i 
cipient and '.thus inOucncing the drc.am the perc:pient 
\.Va.S h.avi ng.: The perci picn t was oriented t crward t.ryi n g 
to receive this message. But of course if clairvoyance~ 
and telepathy are lx>th possible, the percipient might_ 
have used the former-that is, might have been pick
ing up information directly from the target picture, 
without the, mediation of the agent's thoughts or cf-=-_; 
forts. For tf'.iis reason, the term general exrrasensor;·
perception (GESP) would be used today, thoug.h the 
researchers more often used the term telepalh.~: 

Toward the approximate end of each REM pe--, 
riod, the porcipient was awakened (by interco:n) by 
the monitoring experimenter and described any 
dream just experienced (with prcx:lding and qu~tion-" 
ing, if necessary, though the percipient of course knew
in advance what to do on cacb awakening). At the 
end of the night's sleep, the percipient was intehicwed 
and was asked for impressions alx>ut what the targer · 
might h.ave been. (The interview was of course double
blind; neither percipient nor interviewer knew the 
identity of .the target.) The dream descriptions and __ 
morning impressions and associations were recorded- · 
ahd later transcribed. 

The o~ginaJ research reports and the popular 
book lx>th i;iresent a number of very striking similar--: 
itics between passages in the dream transcripts and 
the picture;that happened to be the night's target. 
These similarities merit attention, yet they should in~ 
themselves yield no sense of conviction. Perhaps any'""" 
transcript of a night's dreaming contains pass.ages or 
strilung similarity to any picture to which they might 
be cpmpar¢d. The Maimonides research. however.;:___; 
consisted of carefully planned experiments designed-
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similarity and I -must now tum to that aspect. of the research, and scgmcnlS for the m051 part a,~ 

· labeled as they were io the Ll!blc of Ullman ct al. ( 1973. 
Results . pp. 275-277). Segments tha'. follOWC? the ~ncr1.1 
To c,-a.Juatc the chance. h~~hCSJs, the rtSC.archers procedure I described-all-night ~ions, with ~n 
obtained judgments of s.imilarity bet~n the dream agent concentrating on the target dunng each of t::c 
content and the act~ target for th~ rn_ght_, and at the pcrcipicnt's REM pcriodb--arc gathered together :n 
same time obtained JudgmcnlS of similarity be~n the first eight Lines, A through H. (in five or0csc s.c-~
thc dream content and each of the other potential mcnts, all but A, c, and H, a sing.le pcrcip1cot co~
targrn in the pool from wruch 0c ~ct had been tinued throughout 8 series, and in four of these L'-.: 
selected at random. The pc:rso!1 Jud_grng.., of course, percipient was a psychologist). Other~ of scgmcr.:..s 
had no information about which pi_cturc ha~ been arc presented in the rest of the ~blc. Lines I, J, a:-d 
randomly selected as target; the e~ure pool (m du- K summarize precognitive sessions; here 0e ~~1 
plicate) was presented together, ""1th D? clue as to was not selected until after the dreaming and rntcfY'lc--'
which picture had been th_e target and "':'~ich 00:5 had had been completed. The target consisted_ o_f a set Jf 
oot. That is, in the cxpenmcntal cond1t10n a picture stimuli to be presented directly to the percipient af::r 
was randomly selected from a pool and concentrated it bad l::>o:o selected in the morning. Lines Land \1 
on by the agent, and in the control co~dit(on ~ picture represent GE.SP sessions in which the pcrcipicn:·s 
was left behind in the pool. Any consis-tent difference dreams were monitored and recorded throughout L-:e 
betwc:cn target and nont.argct in similarity to dr~m night, but the agent was attempting to transmit Oi:\ 
content, exceeding what could reasonably be ascnbq:l before the percipient went to sleep or just after, Jr 
to chance, was considered an apparent anomaly. sporadically_ Linc N refers to a few clairvoyance s.::s-

Thc data available for the largest number ofscs- sions· these were like the standard GESP sessions c,
sions came fr?m judgmen:-5 made by judg_es ""?0 bad cept tliat tberc was no agent (no one knew the iden1-:_:y 
no contact with the expenment except to r~1ve ~by of the target). FinaJJy, Line O reports on some GE5P 
mail, generally) the material necessary for -3udgmg sessions in which each dream was considered se;::-~
(transcripts of dreams and int:rviCV: and a CCVi of rately; these formed a single experiment with fc .:r 
the target pool). For many sessions, Judgments were pcrcipicn~ comparing nights involving a differ.ct 
also available from the dreamer, he ?r she, o_f ~u~, target for each REM period with nights involving~::
made judgments only after complctm~ parl!C1pall?n peatecl use of a sing.Jc target. 
in the experiment as dreamer (except m some 5-C;les Regardless of the type of session (considering ·C:-,e 
where a separate ta~et pool was used for each night five types J have described), each session f~U in~o c:-,e 
and the dreamer's JudgmenlS could be made at the of two categories: (a) pilot sessions, in which etthe- a 
end of the session). For many_sessions,judgments were new dreamer or a new procedure was being tried o:.:t; 
made for the dream transcripts alo~c an~ for the total these appear in lines H, K, and N, or (b) sessions :n 
transcript including the morning mtcm~ _for con- an experimental series, planned in ad van~ as one Jr 
sistency I have used the latter, because JI rnvolved more sessions for cacb of two or more subjects, or as 
judges who had more nearly the same information as a number of sessions with thesame dreamer throut-,
the subjects. out. Most of the researchers' publications were ce-

The only form in which the data are ava1lablc voted to the results obtained in the experiment.al s.~
for all series of sessions is a count of hits and misses. ries, but the results of the pilot sessions have als.o bc-:n 
If the actual target was ranked in the upper half_ of briefly reported. _ 
the target pool, for simi\arit~ to the d~ms and m- A g.Jance at the score columns for judges and ~or 
tervicw, the outcome was cons:idered a hiL If the actual subjects is sufficient to indicate a strong tendency :or 
target was ranked in the lower half of the pool, the an excess of hits over misses. If we average the outco:ne 
outcome was considered. a miss. The hi~-or-mis.s score for judges and for subjects, we .find that hits _exce-...,d 
is presented separately m Table I for Judges ~d for misses on every one of the 15 independent Imes _on 
subjects in the first two data columns. Where mfor- which outcome for hits and misses differs. (On L:ne 
mation is oot supplied for one or the other, the reason E. hits and misses occur with equal frequency.) B: a 
is generally that it was impossible for the researchers simple sign-test, this outcome would be signifieent 
to obtain it, and. for a similar reason the numbe~ of beyond the 0.000 I level. I would not stress the e:i.2.ct 
cases sometimes varies.

1 
· value here, for several reasons. There was no adva:ice 

1 Of course, US1blc j~_cnu could no< be~~ fr~ the 
IUbjc:ct in pm::ogn.i \iv,: scs:si oru, bcci USC It the tJ me of' J udgi Dg he 
Of :!,ht;~ already bx,w_ wtut the Wtct had ~- For _Liix: F, 
the si ngk sub,io:t wa.s u n a blc to g:i vc I.he cxu-a tJ me rcq uired for 
jucliin:.. a.nd for Lil)( 0 ooc of ihc four JUt>;c,c:u failed to nuke 
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judgments. In a fC",11 of I.he pilot Sc:3:Sioos_(Llncs H. ~ and NJ :nly 
the subjea's judgment was soughL, a.od tD $IXllC ~ions onl~· .• 'iat 
of O!X or mon: j udt;cs: i D a f cw I.he IDClll j udgcs • n. \J ng was nc-i:hcr 
a hit nor a m~ but cuctly at the mkkUc. 
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Table 1 ; 
Summary of Maimonides Results on Teooency for DrMlru co Bt, Jud~ More Uke TMgel 
Than Uke Nontargets in Target Pool · 

-~ 

GESP: Dn,ams mooitorod and recordoo t:hrouQhou1 ni<Jnt; ~ "t:ransmttting" during e.&cl1 REM pooxl 

A. 1 st screeoing 7 5 10 2 z- 0.71 b z • 1.33° l)!lma n. Krippoer. &. 
Feldstein (1966) 

B. 1st Erwin 5 2 6 1 z • 2.53" z"' 1.W Ullman et aJ. (1965' 

C. 2nd screening 4 8 9 3 z - -.25° z"" 1.17° UUman (1%9) 

D. Posk1 6 2 6 2 z - , .osc z - , .osc U~rnan (1 %9) 
E. Grayeb 3 5 5 3 z"' -.6.Y z"' 0.6Y UUman. Krippner, t. 

Vaughan (1973) 
F. 2nd Erwin 8 0 t - -4.93' UU man &. Krippner 

(1969) 
G. Van oe Castle 6 2 8 0 t - 2.s,· r -= 2.7-4' Krippne, & Ullman 

(1970) 
H. Pilot sessions 53 14 42 22 z = 4.2o" z -= 2.21° Ullman et al. (1973) 

Precognitk>n: Dreams monrtored a'"ld reo:xde-d throvgh<;,l.rt night; target expeneoce next day 

I. 1st Bessent 7 1 t = 2.Sl' Krippne,, Ullman. & 
Hoo<x,(X) (1971) 

J. 2nd Bessent 7 1 t = 2.27' Kri ppnei". Kooort ex-. . .!, 
Ullman (1972) 

K. Pi.lot sessk>ns 2 0 z -= 0.67' unman et al. (1973; 

GESP: Dreams monitored and roco;oea throughout nfQht; agent active only at beginning or sporadically 

L. Sensory bombard- 8 0 4 4 z = 3.11 ° z =_e.ooc Krippoer. H ooort on. 
ment . Ullman, Masters . .!. 

Koustoo (1971) 
M. Grateful Dead 7 5 s z = o.s,·c z >= 0.81° Kripj::x,e;. Honor! or. . .!. 

UHman (1973) 

Clairvoyance: Dreams monrtored and recorded throughout nfQht; cor,ceajed target krY.)wn to no onB 

N. Pilot sessions 5 3 -4 5 z-= 0.98° z-= 0.0<:r' U!lman et al. (1973) 

GESP: Slog~ dreams 

0. Vavghan, Hanis, 
Parise 

105 98 7-4 79 z-= O.f5.Y. z.., -.32" Honoitoo, Krippner. &. 
Ullman (1972) 

Hix8. GcSP • '*'*1"' ~ ~tion. tta1ia ld«z1ify l'H<Jlts ~with~ tr>at ~ ~ oo, ct of~ n 1 -· 
Fer 1'0rM ...-.t. !ht p..,bfi$hed SO<TOe ~ no! UM tt14 t.ri1onn ~ enl<t<~ r'\ ltJtS I.able. and ~ lot:,oc"a 1cry r-.,poru ._..,. """ 
~- ~ indc.ate wh<:h mea.s.urw was ava4bl,o, ii order o( pnortty . 

• Ratr,os . • ~- • Score (COU"lt o< hits ard ~). . 

plan to merge the outcomes for judges and subjects. 
Moreover, the various series could be split up in other 
ways. Although l think my organization of the table 
is very reasonable (and I did not notice this outcome 
until after the table was constructed), it is not the 
organization selected by Ullman et al. (1973); their 
table,· if evaluated statistically in this same way, would 
not yield so striking a result. What is clear is that the 
tendency toward hits rattier than misses cannot re.a-

1222 

sonably be: $cribed to chance. There is some system
atic-that is, nonrandom-source of anomalous re
semblance Qf dreams to target. 

Despite; its breadth, this "rutting" tendency seems 
to vary greatly in strength. The data on sing.le 
dreams-Line 0-suggest no consistency. At the: 
other extreme, some separate lines of the table loo!.: 
impressive. I will next consider how we may legiti
mately evaluate the relative statistical significance o( 
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separate parts of the data on aJl-nrg.ht sessions.. (I will 
not try to take exact account here of the fact that the 
sing.le-dream data arc not significant., though it is wis.c 
to have in mind that the ex.act va1uc:s I cite must be 
viewed as slightJy exaggerated, in the absence of any 
explicit advance prediction that the n::su.lts for all-night 
sessions and for sing.Jc dreams would differ greatly.) 

Two difficulties, one general .and one specific, 
stand in the way ofmalciog as thorough an evaluation 
as 1 would wish. ~ gcnc:ral difficulty is that the re
searchers turned the task of statistical evaluation over 
to various consult.ants--for the most part, different 
consult.ants at various times-and some of the con
sult.anl.5 must aJs.o have inOucnccd the choice of pro
cedures and measures. The consult.ants, and prcsum
ablv the researchers themselves, seem not to have been 
at that time very expcricno:d in working with s.ome 
of the de-sign problems posed by this rcsc.arch nor in 
planning how the research could Ix done to permit 
effective analysis. Much oftlx: resc.arc.h \l.'a.5 not prop
erly an.a.ly:z.ed at the time, and for much of it the full 
original data arc no longer available:. (The researchers 
have been very helpful in suppl:,ing me "'ith material 
they have been able to locate despite dispersal and 
storage of the laboratory's files. Perhaps additional 
details may be recovered in the future.) The result is 
that completely satisfactory anaJysis i.s at present pos
sible only for some portions of the data. 

The specific difiicu lty results from a feature of 
the research design employed in most of the experi
mental series, a feature whose implications the re
searchers "did not fully appreciate at the time. lf a 
judge is presented \l,,itb a set of transcripts and a set 
of targel.5 and is asked -to judge similarity of each target 
to each transcript, the various judgments may not be 
completely independent. If one transcript is so closely 
similar to a particular target that the judge is confident 
of having recognized a correct match, the judge (or 
percipient, of course) may minimi.z..e the similarity of 
that target to the transcripts judged lat-er. Instructions 
to judges cxplicitJy urged them to avoid this error, but 
we cannot tell how thoroughly this directive was fol
k,wed. Nonindcpendencc would create no bias toward 
either positive or negative evidence of correspondence 
between targets and transcripts, but it would alter 
variability and thus render inappropriate some stan-. 
dard tests of significance. J have ent.c:rcd in the two 
succeeding columns of the table a r·oc .a :z that can be 
used in evaluating the statistical significance of the 
departure from chance expectancy (tis required when 
ratings are available, and z must be used wben only 
rankings or score counts are available, because: sample 
variability in the fonner case is estimated from the 
data but in the latter case mUS! be based conservatively 
oo a theoretical distribution.) If ratings were available, 
th<:y 'WC.re used; if not, rankings "'-'C:TC used if available; 
otherwise, score count v,:as used. 

November 1985 • American Psychologist 

Is there likely to ,have be,:n much or this non
independence in the series where it was possible? A 
pertinent fact is L"-iat the hits were not generally direct 
hits. That is, thcr: ""'a.S no overwhelming tendency for 
the corrc,:t targc: to be given first place rather than 
just being ran kcc 1n the ·upper haJf of the target pool. 
This greatly redu2CS the strength of the argument that 
ordinary signifiQoc.c tests arc grossly inaccurate be
cause of nonindc;,cndcnce. Because certainty is not 
possible, hov,,cvcr. \l,"C need to separate results accord
jng to whether th: procedures permitted this kind of 
non.independence [n the table, I have italicized results 
that cannot have been inOueno:d by this difficulty 
(either because ~-:h night's ratings were made by .2 

different {XfSOn o: because each night in a s-:rics had. 
and was judged ir: relation to, a separate target pool) 
or that closely aViroximatc this ideal condition. 

The outcom: is clear. Several segments of the 
data, considered s:p.arately, yield significant evidence 
that dreams (and 1.SSOCiations to them) tended to re
semble the pictur: chosen randomly as target more 
than they rcscmbb:l other pictures in the pool. lo the 
case of ev~uat.ion :iy outside judges, two of the three 
segments .that arc free of the problem of noninde
pendence yield sei:-~ately significant resuJl.5: The pilot 
sessions (Line H) 1icld a z of 4.20, and thus a p of 
.00002. An experi::icnt with dist.ant but mul tiseos.ory 
targets (Line L) ydds a z of 3.1 I and a p of .O'.l I. If 
we consider scgmtnts in which judgments may not 
be completely independent of each other and analyze 
. them in the sta.ndzd way, \Ve find that the two series 
with psychologist William Erwin as dreamer are aJs.o 
significant (if nonir.depencknce of judgments does not 
seriously interfere). Line B with a z of 2.53 (p < .0 I) 
and Line F with a r of 4.93 and 7 df (p < .0 I). The 
two precognitive s~es (Lines·I and J), each "'ith 7 
df, yield ts of 2.8 l and 2.27, ;,,,ith p values slightly 
above and below .CS, respectively. 

Segment resul:s based on the subjects' own judg
ments of similarity ~e less significant than those based 
on judgments by 01tsidc judges. Only two segments 
reach minimal levels of statisticaJ significance: Line 
G, where the I of 2.74 with 7 df is significant at the 
.05 lcvel, and Line H, where the z of 2.21 is significant 
at the .05 level. 

The st.atisticaJ evaluation of the separate seg
ments of the Mairr:onidcs experiments als.o permits 
a more adequate C\aluation of their overall statistical 
significance. For ju:lgments by· outside judges, three 
segments arc free cf the potential nonindc:pendcnce 
of successivejudgro:nts (Lines H, L, and N). Puning 
these three together by the procedure Mosteller and 
Bush ( 1954, pp. 329-330) ascribed to Stouffer (rcc
ommcoded by Rosenthal [ 1984, p. 72) as the "simplest 
and most versatile" of the possible procedures), the 
joint p value is <.0(()()()2. For the subjects' own judg
\1)cnts, six segments are available (Lines A, C, G, H, 
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L, and N), .and their joint p value is less than .002. to use a t.c:nn such as ano ies, so-as to avoid variable 
The ot:1er seg;11ents of the data have the problem of· and possibly confusing nnotations about t~e oriyr. 
potential nonandependencc ofsuccr:s.sive judgments., of the anomalies. Zusne nd Jones (1982) W1s.ely i:(c
and even if the exaggeration of significance may be pared I.he way for this in spe.a.king ~f anoma/i;t ic 
small for a sing.le line, I would not \lf3.nt to risk com- psychology. But meanwh le, psychologists need not 
pounding it in an overall p. Their prevailing unity of cut themselves off from nowledge of relevant fa:ts 
direction, however (direction not being subject to in- because of dis.satisfaction with the terminology s.Jr
Oucoce by the kind of nonindependcnce involved rounding their pres.entati n. 
here), and the substantial siz.e of some of the differ- Attempted Replicatio s Elsewhere 
enccs, justify the inference that the overall evidence 
of consistency far exc:ttds that indicated by only those 
selected segments for which a precise statistical state
ment is possible. The impression given by the mere 
count of hits and misses is thus fully confirmed when 
.more sensitive measures are used. 

Parapsychological experiments are sometimes 
criticized on the grounds that what evidence they 
provide for ESP indicates at most some very smaJI 
effects detectable only by amassing large bodies of 
data. Those to whom this criticism has any appeal 
should be a""-a.re that the Maimonides experiments 
are clearly exempt from it. The significant results oo 
Lines F and G of the table, for example, are each 
attributable basically to.just eight data points. 

lf replications elsewhere should eventually con
firm the statistically significant outcome of tlie Mai
monides experiments, would the fact of statistical sig
nificance in itself establish the presence of the kind 
of anomaly called ESP? Of course not. Statistical sig
nificance indicates only the presence of consistency 
and does not identify its sour~. ESP, or the more 
general term psi. is a label for consistencies that have 
no identifiable source and that suggest transfer of in
formation by channels not familiar to present scien
tific knowledge. A judgment about the appropriateness 
of the label, and th us about the "ESP hypothesis," is 
complex. It depends on a variety of other judgments 
and knowledge-how confidently other possible 
sources of the consistent effect can be excluded, 
whether other lines of experimentation are yielding 
results that suggest the same judgment, and so on. 

· I believe many psychologists would, like myself, 
consider the ESP hypothesis to merit serious consid
eration and continued research if they read the Mai
monides reports for themselves and if they familiar
iz.ed themselves with other recent and older lines of 
experimentation (e.g., Jahn, 1982, and many of the 
chapters in Wolman, 1977). 

Some parapsychological researchers-among 
them the Maimonides group-have written at times 
as though a finding of statistical significance suffi
ciently justified a conclusion that the apparent anom
aly should be classified as ESP. I can understand their 
choicx of words, which is based on their own confi
dence that their experiments permitted exclusion of 
other interpretations. But perhaps psychologists who 
in the future become involved in this area may prefer 
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The Maimonides pattern f controlled exixrimeni in 
a sl~p laboratory, ?bviou~!y, is_ ext_remely time ccn
suming and expensive, an repllcauon seems to h:.ve 
been attempted so far at nly two other skcp lato
ratories. At the Univer.;ity of Wyoming, two exp:-ri
ments yielded results appr ximately at me.an char.ce 
expectation-slightly belo in one study (Belved~re 
& Foulkes, 1971 ). slightly bove in the other (Foulkes 
et al., 1972). In a repl.icatio at the Boston Univers:ty 
School of Medicine (Glo us, Knapp, Skinner, & 
Healey, 1968), overall res Its were not sig.ni fican:ly 
positive, though in this in tance encouragement :or 

.further exploration was re rted. The researchers h::.d 
decided in advance to base eir conclusions on ex.:.et 
hits-that is, placing the et first, rather than jc:st 
in the upper half; by this easure, the results wrre 
encouraging, though not statistically significa.:it. 
Moreover, to quote the r rchers, "Post hoc analysis 
revealed that the judges were ignificantJy more correct 
when they were more 'confi ent' in their judgmen:s . 
. . . Further conservative! designed research dc~s 
seem indicated because of ese findings" (Globus et 
aJ., I 968, p. 365). 

A study by Calvin Hall 1967} is sometimes ci1~ 
as a replication that confirm the Maimonides fird
ing.s; in truth, however, alth ugh it provided impres
sive case materiaJ, it was no done in a \lf3.y that p:r
mits evaluation as a replica ·on of the Maimonices 
experiments. Several small- e studies, done \1/lthciJt 
the facilities of a sl~ labora ory, have been report:d 
that are not replications of e en one of the more ar:1-
bitious Maimonides experi ents but each of which 
reports positive results that ight encourage fur1!-.er 
exploration (Braud, 1977; hild, Kantharnani, & 
Sweeney, l 977; Rechtschaffe , 1970; Strauch, 1970; 
Van de Castle, 1971). In the of these minor stuj
ies-unlike the Maimonides studies and the thr~ 
systematic replications-one ust recognize the lik:!
lihood or selective publicatio on the basis of intci
csting results. Taken all toge er, these diverse a.r.d 
generally small-scale S1udie:s d ne elsewhere do, in rr.y 
opinion, add something to t e conviction the M2i
monides experiments might i spire, that dream r:
search isa promising technique for experimental stucy 
of the ESP question. 

The lack of significant r ults in the three sys
tematic replications is hardl conclusive evidence 
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against eventual rcplicability. In the Maimonides se
ries, likewise, thr~ successive replications (Lines C. 
D, an<l E in Table I) yielded no significant result, ye: 
they arc part ofa program yielding highly sig.nifican: 
over.ill results. 

If rcsult.s of such potentially great interc:st anc 
scientific importance as those of the Maimonides 
program had been reported on a more convcn1iona'. 
topic, one might expect them to Ix widely and ac
curately described in reviews of the field to whic:r. 
they were relevant, and to be: analyz.cd carefully as a 
basis for sound cva.luation of whether rcp\ica1ion anc 
e.xtc:ns.ion of the rc:scarch were indicated, or ofwhclhc 
errors could be detected and underr1ood. Whal has 
happened in this instance of anomalous re:sc.ard-. 
findings? 

Representation of the Maimonides 
Research in Books by Psychologists 

the night. He did this notably by misinterpreting an 
ambiguous statement in the Maimonides n::p(',rts, not 
mentioning that his interpretation was incomp.2tible 
with other pass.ages; his interpretation w-a.s in fact er
roneous, as shO'Nn by Akers (1984, pp. 128-129). 
Furthermore, Hansel did not alert the reader to the 
great care exerted by the researchers to eliminate pos.
s:ible sources of scns.ory cuing. M051 important is the 
fact that Hansel did not provide any plausible ac
cou nt--olntr than. fraud-<5f how 'Che bQp6ii.uriLtfrs 
for sensory 1...-uing that he claimed· exist~ ~Q.uld be 
filely to 1e:aa··to the sfr1king findings of the r.c:s::-arch_. 
For ex.ample., he ~med to consider irnport.ar:: the 
fact that at Maimonides the agent could le.ave t.is or 
her room during the night to go to the bathroom, 
whereas in Wyoming the agent had a room \1,i:h it.s 
O"w'n bathroom, and the outer door to the room \llaS 

scaled with tape to prevent the agent from emerging. 
Hansel did not attempt to say how the agent's ..,isit to 

It is appropriate to begin with E. M. Hansel's 198(1 the bathroom could have altered the details oi the 
revision ofb.i.s earlier crit..ica1 book on parapsychology. ixrcipicnt's dreams each night in a manner distinc
As part of bis attempt to bring the earlier book up to tivcly appropriate to that night's target. The only 
date, he included an entire chapter on e:qxrirnent.s plausible route of inOuencc on the dream record 
on telepathy in dreams. One page ..,,,as devoted to a s.xms to be deliberate fraud involving the resezr:hers 
description of the basic method used in the Maim on· and their subjects. The great number and vane<)· of 
ides experiments; one paragraph summariud the im- personnel in these studies-experimenters, agent.s, 
pressive outcome of IO of the experiments. Tnc res: ~rciJ:?)ents, and judges-makes fraud especially un
ofthe chapter was devoted mainly to a spxilic accoun: likely as an explanation of the positive findings; but 
of the experiment in which psychologist Robert Van Hansel did not mention this important fact. 
de Castle was the subject (the outcome is summari.zcc l1. aooe.ars to me that all of Hansel's criticisms 
in Llnc: G of my Table I) and to the attempted rep- of the Maimon"ioei experiments are relevant only OD 

lic.ation at the University of Wyoming (&lvajcre & the 11YJ:)0thesis of fraud.(exccpt for the mistaken crit
Foulkes, J 971 ), in which Yan de Castle was again the icism I have mentioned above). He said that uni:.ten
subject. Another. page was devoted to another of the tiona1 communication was more likely but pw.ided 
Maimonides experiments that was also repeated a: no cv:idcncc either that it occurred or that such corn
the University of Wyoming. (Foulkes ct al., 1972). rnunication-in any form in which it might have oc
Han.scl did not mention the replication by Globus e: curred-could have produced such consistent result.s 
al. ( 1968), whose authors felt that the results encour- as emerged from the Maimorµdes ex.peri~nt.s. 1 infer 
aged furt~r exploration. Hanc;.el g?~ m.o_r_r: \.l._'Cjg}lt to that Hansel v,as merely avoiding making explicit his 
the two negative outcomes at Wyomil)E. thai:i t.o .. the unsupported accusations of fraud. Fraud is an inter-

--strrrroft1'iFMaimomdes~ic.h...arguio~.1hat.x11S9rf_ prctation always important to keep in mind, and it is 
~lrj)pO'SeOJ:fl5ermrited by the procedures at Mai- one that could not be entirely excluded even by pre
monide~ -~ot possible because of greater care taken cautions going beyond those used in the: Wyoming 
by the Wyomin,g experimenters, were responsible for studies. But the fact that fraud was as always, theo
the difference in results. He did not provide, of course, rctically possible hardly justifies dismissal of a series 
the fuU account of pr~ur~ presented .in the original. of ca.ref ully conducted studies that offer important 
Maimonides reports that might persuade many read- suggestions for Opening up a new line of inquiry into 
ers that H~l's'fntaµ.rc.tatlon is far from ,compe1ling. - a topic potentially of great signific.ancc. Especially re
Nor aid he consider why some of the other experi- grettable is Hansel's description of various supposed 
rnents at Maimonides, not obviously distinguished in defects in the experiment.s as though they mark the 
the care with which they were done from the two that experiments as being carelessly conducted by general 
were rcpli~tcd (e.g., those on Lines E, M, and O of scientific criteria, whereas in fact the supposed defects 
Table I) yielded a close-to-chance outcome such as are relevant only if one as.su mes fraud. A reader who 
Hansel might have a;pected sensory cuing to prevc:nL is introduced to the Maimonides research by Hansel's 

Hansel exaggerated the oooorturutics for sensory chapter is likely to get a totally erroneous impression 
cuing:-lhat._i$, .(or tbe percipient to obtam ~y ordinary of the care takel) by the experimenters to avoid various 
·sensory means 59me information about the ~et for possible sources of error. The one thing they could 
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not avoid was~R~-OecFF\!ff ~1~200u.HW:1B :~~OlOOB. Q.lQ~ because 
a priori im~ffilc, liencc evidence of fraud; but they included no control oups. He wrote that "a 
Hansel was not entirely frank about his reasoning. cont.rcl group, for which oo sender or no target was 

__Anjncid.ental poin.J. worth noting isJb.~t Hansel woi, would.appear c:sscnti.ar (p. 163)."L.atcr he added, 
did not himself apply, in ~.is critical.a.oad::, tbcnaci:.· ~0ne could, alternatively, ·sc d' when the subject y,,as 

-rurcfi;"Of"CVJ(]COCC. he demanded of the rcs.c:archcrs. not in the dream state, and Om])2re 'succcs.s' in this 
Hisconclusions -were-based .impliciii/;nth~umP:- ca..sc ....;th success io drc.arn t.c trials" (p. 163). The 
lion ~hat the difference ?f outcor:ie between the Maj- ~~e_!!.l~!-5-~ugg. _ ~ rde".'.o.n_.t. ~- of.~on-
~orude:s and the ~ommg cxpenmenl.s was a genuine trof grou~-~~--~-1.rr...;;i)Ji 11 :::s..scnlial; in oth~r 
difference, not at1ributable to random variation. He psycho!~-~ r~ch, Al k \l.'C:.ild have doubtless 
did not even raise the question, as he surely would rcadifyrcrognizcd that ·,.;,.,t in--sc::>ject' confrol"can, 
have if, in some parallel instance, the Maimonides w10e fe.asrblc:bc much mo .. ·cn1-amtpenirren1 
researchers had claimed or implied statistical signif- ffian-a'se~te.~nt~.9Lgrou .. His second statcrnenr 
icance where it was questionable. Ia fact., the difference sliggcsts -a type of experime tth::t is probably im
of outcome might well have arisen from random error, possible (bcc.ausc in satisfact ry form it seems to re
for the percipient's own judgments the difference is quire the subject to dream hctkr awake or asleep 
significant at the 5% level (2-ta.iled), but for the out- and not to know whether e or she was awake or 
siders' judgments it does not approach significance. aslc-cp). This second k.ind o exp:riment, moreover, 

Another 1980 book is The Psy:ho/ogy of Tran- has special pertinence only t a ccmparisoa between 
sceruience, by Andrew Neher, in which almost I 00 dreaming and wak.ing, not to the ~uestion of whether 
pages are devoted to "psychic experience." Neher clif- ESP is manifested in dreami g. 
fered from the other authors I refer to in describing· Alcock. in short, clid no 5¢::::t to recogniz.e that 
the Majmoaide:s work as a "series of studies of great the design of the Majmonid e;i;p:ri men ts was based 
interest" (p. 145), but this evaluation seems to be ne- on controls exactly parallel o tlose used by innu
gated by his devoting only three lines to it and four merable psychologists in oth r r~ch with similar 
lines to unsuccessful replications. logical structure (and even im l.iec, curiously enough, 

A third 1980 publication, The Psychology of the in his own second suggestion) He ~ncouraged readers 
Psy:hic, by David Marks and Richard Kammann, to think that the Maimonid stu:ies are beyond the 
provides less of a general review of recent parapsy- pale of acceptable cxperime taJ design, whereas in 
chology than Hansel's book or evea· Neher's one long fact they are fine examples of appropriate use of 
chapter. It is largely devoted to the techniques of within-sub}cct control rat.he tb2r1 berweco-subjeru 
mentalists (that is, conjurors specializing in psycho- control. -· 
logical rather than physical effects) and can be useful The quality of thinking itr. which Alcock con
to anyone encountering a mentalist who pretends to fronted the Majmonides r rd appeared also in a 
be "psychic." Most readers are not likely to be aware pass.age that did not refer to i by name. Referring to 
that parapsychologie.11 research receives only limited an article published in The'H m=nist by Ethel Grod
attention. The jacket blurbs give a very different view rins Romm, he wrote, 
of the book, as do the authors in their introductory 
sentences: 

ESP is just around the next comer. When you gc:ttherc, it 
is just around !.he next comer. Havirig now tu reed over one 
hundred oft~ comer,., we decided to call it quits and 
repon our fiDd..ings for public review. (Marks & KJimmann, 
1980, p.4) 

Given this introduction to the nature of the book, 
readers might sup~ it would at lea.st mention any 
comer that many parapsychologists have judged to be 
an impressive ·turning. But the Majmonidcs dream 
experiments received DO mentfo.tuU a.11:····-···-· ...... 

A 110thcr-:vott11'nc,oypsyc°i~ ologi~-i~ mes AJcock 
( 1981 ), quite clearly purports to include a general re
view and evaluation of parapsychological research. 
Alcock mentioned (p. 6) that Hansel had examined 
the Maimonides experiments, but the only account 
of chem that Alcock offered (on p. 163) was incidental 
to a discussion bf control groups. By implication he 

· 1226 

Romm ( 1977) argued that a fu meta.I problem with both 
the dream telepathy research tr~ n:motc vie-wing tests 
is that the reports suffer from wh t s.l-. .: called "shoe-fitting" 
language; she cited a study in whi ht:;,: sender was inst.ailed 
in a room draped in white fabric anc: had ice culx:s poured 
down his back. A reo=iver who qxrted "white" was im
mediately judged to have made "hit~ by an indcpcndc:nt 
panel. Yet, as sh<: observed, wo ds such as "miserable", 
"wet", Of "icy" would have been , tl:r hits .... Again, the 
obvious need is for a control grou . \lfhy are they not used? 
(p. 163) 

What Romm de:scribcd as" o: fitting" (misinter
preting events to fit one's ex tions) is an impon.ant 
kind of error that is repeatcd.ly made in interpretation 
of everyday occurrences by pie who believe they 
are psychic. But the dream tel pithy research at Mai
monides was well protected a ·;,.st this kind of error 
by the painstak.ing controls t at Alcock seemed not 
to have noticed. _Surclv Rom must be referring to 
some other and ve~y slopp): d c.:m -rcsc.arch? ·· 
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Not .al ;tll. The details in this paragraph, ar,d 
even more ·1ri Romm's article, point unmisia.kably, 
though inaccurately, to the fifth night of the first pre
cognitive series at Maimonides. The actual details of 
target and response would alone deprive it of much 
of its value as an example oishoe fitting. As reported 
by K.rippncr, Ullman, & Honorton ( J 971 ), the targ:t 
"""15 a morning experience that included being in a 
room that was draped with wnite sheets. Th<: subject's 
first dream report had inclu<lcd the statement, .. I ·was 
just standing in a room, surrounded by white. Every 
imaginable thing in that ro.,m was white" (p. 201 ). 
There is more similarity here than Romm and Alcock 
acknowledged in mentioning from this passage. only 
the si ng,Je word "white." • 

More important, hQV.'C\~1 is the fact that the ex
p:nment they were referring to provided .no oppor
tunity for shoe fitting. The procedures follo\lv"Cd in th= 
experiment were completely misrcpr~nted in a way 
tha1 created the illusion that the possibility existed. 
There was no panel, in the sense of a group of people 
gathered together and capable of influencing each 
other. TI1e judges, operating independently, separately 
judged every one of the 64 pJSSible combinations of 
target and transcript yielded by the eight nights of the 
experiment, not just the eight correct pairings, and 
tky had no clues to which those eight were. Their 
responses are hardly likely to have been immediate, 
as they required reacting the entire night's transcript. 
&cause each judge was working alone and was not 
recording times, there would have been no record if 
a particular response had been immediate, and no 
record of what particular ekment in the transcript 
led to an immediate response. 

I looked up in a 1977 issue of The Humanist the 
article: by Romm that Alcock cited. The half page on 
shoe-fitting language gave as examples this item from 
the Maimonides research and also the .S.RI . .r~molc:.
viewmg expenments (Puthoff & Targ.-1976)-done·at 
SRI International. In both cases what was said was 
p·ure fiction, based on ta1lure to note wha.t Y@.SJl.one 
in the expe~iments an.cl. in. panicufar that..t.he.qperi
mciitcrs .were well <\~e of the danger of s,hoe-~ning 
language an~ that the d.~ign of their experimen~ in
corporated procedures to ensure that it could not oc
cur. Romm's ignorance about the Maimonides re
search and her apparent willingness to fabricate false
hoods about it should be recogni.:zcd by anyone who 
bad read any of the Maimonides rc:search publica
tions. Y~t Alcock a~ted ~q TC?C3ted the fictions 
as though they were true. His presentation in'the con
text of'a 'book apparently in the scientific tradition 
seems to me more dangerous than Romm's original 
article, for anyone with ·a scientific orientation should 
be able to recognize Romm's article as propaganda. 
Jt.s title, for ex.ample, is .. When You Give a Ooset 
Oa:uliist a PhD, What Kind of Research Can You 

\ 
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Expect? .. and it repeatedly speaks of "cult phuds." 
meaning people with PhDs who arc intC".rcstcd in 
parapsychologjca.l problems. Alcock's repetition of 
Romm's misstatements in a context lacking these 
clues may well be taken by many a reader as scholarly 
Y/flting based on correct information and rationaJ 
thought. Paradoxically, both Alcock's paragraph and 
Romm 's aniclc _ari:. u.oolent ex~i:ngfcs _o.Clb.e .~.hoe
hftin_g error that both decry in. others who are in fact 
carefully ~voiding it. .. 

The last of the five books that bring, or fail to 
bring, the Maimonides research to the attention of 
psychologists and their students is A.noma/is1ic Ps1L 

chology: A Study of Extraordinary Phenomena of Be
havior and Experience, a 1982 volume by Leonard 
ZU5nc and Warren H. Jones. This is in many ways 
an exc.ellcnt book, and it is also the one of the five: 
that comes closcst to including a generaJ review of 
important recent rc:scarch in parapsychology. It.s bric:f 
account of the Maimonides dream experiments, how
ever, misrepresented them in v,,ays that should seri
ously reduce a reader's interest in considering them 
further. 

Zus~ and Joncs's description of the: basic pro
o:dure made Lriree serious errors. First, it implied that 
one of the experimenters had a chance 10 k.now the: 
identity of the target. ("After the subject falls asleep, 
a.ii art reprcxluction is selected from a large collection 
randomly, placed in an envelope, and given to the 
agent" p. 260). In fact, precautions were taken to en
sure that no one but the agent could know the identity 
of the target. -~nd, the authors stated that "three 
judges .. · . rate their confidence that the dream con
tent matches the target picture" (p. 260), leading the 
reader to suppose that the judges were informed of 
1.he identity of the target at the time of rating. In fact, 
a judge was presented with a dream transcript and a 
pool of potential targets and was asked to . .rate the 

-degree of similarity betwc,:n the transcript and each 
member of the pool, while being unaware of which 
member had been the target. Third, there \1/a.S a sim
ilarly, though more obscurely, misleading description 
of how ratings were obtained from the dreamer. 

This misinformation was followed by even more 
serious misrepresentation of the research and, by im
plication, of the competence of the researchers. Zusne 
and Jones (1982) wrote that Ullman and K.rippner 
( 1978) had found that dreamers were not influenc.ed 
telepathically unless they knew in advance that an 
attempt would be made to influence them. This Jed, 
they wrote, to the subject's being "primed prior to 
going to sleep" through the experimenter's 

preparing the nx:e:i\'C' throu g.h ex. pericno::s that wc-c rel.a led 
to the rootent of the picture to be telepathically transmincd 
during the night. Thus., when the picture was Yan Gogh's 
Corridor of the St. Paul Hospit.al, which depicts a lonely 
6~re in the lull~ys of a mental hospital, the receiver. (I) 

1227 

Approved For Release ·2003/04/18: CIA-RDP96-00789R003100030001-4 



App~~ ~~~~f~cf)0 7BSROOJ ~Jfill2Ji:;_wc have already seen it in 
the mooi tor la ugh ~ysu:riolly ~ t.lx. room; ( 3) "-ti ~ Ak:oc k's k.. AJcocl: (19 8 3) wrote the r=vi cw of 
.tS -Mr. Vu! Go£.h ~ the morutor.. (.o() was shown pa.iotmgs Zusne and ooes's oook for Con1emporary Psy·:hology, ·~ 
~ by mental patKnts; (5):wa.s ~ 1 pill md •. glu:s ?f the book- · journal of the American F'sycholog-
wau:r; and (6) wa..s_ru.ubcd .....,th•~ of~oo ~~ 1~ )Ca.! · ti and he did not rncntioo this ~ous 
accionc. The rccet~ ~ an Eng.lis.h .. tenSJUvt, but it is on, . . --e,,."t,' 

obvious that no J)S)ciuC si::nsitivity wu required to figure c:IT<?r, ~ though YCr'/ slight acqllalntano: ~th the~-
001 the gcncral coo tent of the picture and to prcxluD: a.n M.aimoni research should suffice to dctr--""t 1t. 

appr~riatc report, whcthc" any drc:uns we:rc actwuly seen Discussi n 
O< DOL (pp, 260-261) 

If resc.u-chcrs were to report positive results of 
the apcrimcnt described here by Zusne and Jones 
.and were to claim that il provided some posit i vc cv
klen a: of ESP, what 'WOUid a reader conclude? Surely, 
that the researchcrs were complctely incompetent, but 
probably not that they were dishonest. For dishonesty 
to take such a frank and transparent form is hardly 
cred.iblc. 

Incompetence of the researchers is not, however, 
a proper inference. The simple fact, which anyone 
can easily verify, is that the account Zusne and Jones 
gave of the experiment is grossly inaccurate. What 
Zu.sne and Jones have done is to describ: (for one 
specific night of the exp:rirncnt) some of the stimu)j 
pro-.,.ided to the dreamer the next morning., afier his 
dreams had been recorded and his night's sleep was 
over. Zu.sne and Jones erroneously staterl that these 
stimuli were provided before the night's sleep, to prime 
the subject to have or falsely report having the desired 
kind of dream. The correct sequence of events was 
quite clearly stated in the brief reference Zusne and 
Jones cited (Ullman & Krippner, 1978), as well as in 
the original research report (Krippner, Honorton, & 
Ullman, 1972). 

I can undastand and sympathize with Zusne and 
Jones's error. The cxperimc:nt they cited is one in 
which the nocturnal dreamer v;as seeking to dream 
in response to a set of stimuli to be created and pre
sented to him the next morning. As may be seen in 
Table I, results from such precognitive sessions (all 
done with a single subject) were especially strong. This 
apparent transcendence of time as well as space makes 
the precognitive findings so:m at least doubly impos
sible to most of us. An ezy misreading, therefore, on 
initially scanning the research report, wou Id be to 
s.u ppose the stimuli to have been presented partly in 
advance (because some parts obviously iovol ved a 
waking subject) .and part)y during sleep. · 

This erroneous reading oo which Zusne and 
Jones based their account could easily have been cor
rected by a more careful rcrea.ding. In dealing with 
other t~ics, they might have realized the improba
bility th.at researchers could have been so grossly in
competent and could have c:becked the accuracy of 
their statements before publishing them.~--=-and 
Jones are not alone in this tendency to qwck o_:usper
ccption of parapsychological rc:search through pr:t>-

. . ... . ..... - ... -. . - •' ,. - . , .. 

]228 
\. 

The experi ts at the Maimonides Med.ie:.1 Center~-
oo the bility of ESP in dreams cic.arly m!Tit care
fuJ attenti n from· psychologists who, for "'-batevrr 
reason, are intc:rc:sted in the quest.ion of ESP. To fum 
believers in the impossibility of ESP, they pose a chaJ- -
lengc to ski in detecting experimentaJ flaws or to the 
urxk:rst.an ng of other sources of error. To ttose who 
can concei that ESP might be possible, the:_.: convey~
suggestions about some of the conrutions ini:uencing 
its ap ce or absence an~ about t.ecbn;.ques for 
investiga ti iL 

This a ention is not likely to b: giver, by psy- - · 
chologists J.,hose knowledge about the a penmen ts 
comes fro~the books by thdr fellow psychologists 
that puryx> to review parapsychological ~ch. oc=c; 

Some of th books engage in nearly incrc::ible faJ--
sincatiori o tpt facts about the experiments; others 
simpfy.nei)ject them. I believe it i.s fair to say that 
none of~ oooks has c.orrectly idcnti.fierl 2=.y defect .. 
in the Mai1onides experiments other th.an ones rel
evant only ~o the hypothesis of fraud or on inappro
priate statistical reasoning (easily remedied by new 
caJculations from the published data). I do n:it mean ~ 
that the Mai onide:s experiments are rn ode ls of design 
and cxecuti n. I have already .called attention to a 
design flaw t prevents sensitive analysis of some of= . 
the cxperim ts; and the control procedwes were vi- ·
olated at on session, ·as Akers ( 1984) pointe:: out on 
the basis of full information ·supplied in t& orig
inal report. (Neither of these genuine defo:ts was -· 
mentioned i, any of the five books I have reviewed 
here, an ;indication of their authors' general lack of 
correct info tion about the Maimorudes experi- = 
ments.) 

Rea who doubt that the falsification is as ex-
treme as I pictured it need only c.onsult the 
sources I ha','C 17~CO:ed t~. Their doubt rnigbi also~ 
reduced by familianty with some of James Bradley s 
rcsearcb (19 I, 1984). In his 1984 article, be reported 
similar misr tations of fact on a topic, robust-
·oess of pr ures of statisticaJ inference, on whlch = 
psycho would not be thought to have nearly the 
st.rc:ngtb of nception that many arc knOYm to 
have about P. How much more likely, then, faJ.sj. -:.. 
6catioo on emotiooally laden a topic as ESP is for --

~r'CDOt<>£J·is.ts! In the earlier article, Brad.1 ey 
ted experimental evidence (for college 
· case, not psychologists) that confi- -
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ckncc in the correctness or one's ()'\.¥Tl erroneous opin- E-.,.o.-no: fD1' 1mpro;,crly focuso:l ps,. Journal of tM Am.mean 
ions is positively correlated with the degree of e:x.pcnjsc Sod.-ry for fs',dii.c.o.J Rcuorch. 77. 2'09-228. . 

l-J' 1r h · h 6 Id r k led Foolm D .• Bcl-..rocn:. E., Muto.. R. E. L., Hous:ioo. J .• Krippncr, 
oi:ie '.-""' 1ev_cs onc:sc I to ave in_ t. c e 01 ~ow _ge s.. lt,norton.C., & Ullnun, M.(l972). Long-disuncc",cnsory-
WJth1n which the erroneous opinion falls. This finding bo<n~rdmcnt- ESP in dreams.: A w.lurc lO rcpliatc. hrceptual 
may help in undemanding why the: authors of some an,:f_l.fO(orSlcil/s. 35, 731-7.l-4. 

of these books did not find it necessary to consider G~ G~ ~. P .• s:_bn~ _1., & Ho.le),. J. ~1%8)._A,n ~s.al 
ait.ically their own erroneous statements. o/"1c~th1e a:rnmu.ruauoo in d!nrru._fl}c op,:>~'/X.Of;)'. · >65. 

. • . H..ul. C ( I %7). E.ipcnmcnlc zur ldcp.2\hischcn Bo::inOus:sung von 
A very considerable proportion of psychologists Trtu~cn. (E.ipcrimcnts 00 \dcpathic inOucno: 00 drc..2ms]. 

have a potcntiaJ i ntcrcst in the question of ESP. In a. Zt:i1s.:nnft f,:i, fCll'apry::hoJ.ogic und Grmz.td;icu d.cr hy::hdogie. 

rccc.nt survey (Wagner & Monnet., 1979) of university 10. H--0. . . 
profes.s.ors in various fields 34% ofpsycholcy;iru were llirucl. c_. EM. (1980). ESP ar.d paraps;du:Jon·: A cn1=I rc-
r d "d ESP 'th. b'urh~rl 'r r,,ali.,;J10fl. Bufr.uo, NY: Promcthcw. 
rou n to C?~s.1 CT ~ . er.an .es:l.a . I-"~~ •.?iCl Of.a Hooon.:o. C., K.rippncr. S., & UUmin. M. ( l 972). Tclcp.ithic pcr-
ukcJy poss1b1lity, exactJy the same p.ropon.Wl'I .K i;.QQ, ccpti:n of an prinu urxlcr two cooditiom. f'roce-edings of 1hr 
s:idcred it an imposs1bllity In this survey, psychologi.st.s 80th .fonu.al C~ion of Int: AT'n('riC1111 Psy:/iological Associ-
k:s.s-(rcquently expressed a positive opinion than did 01ior: 7. 319-320. . . . . . 
mem lxrs of other disciplines a finding that may tx Hyrrun_ R. (I 985). The g;uu:fcld psaxp:nmcnt: A mtic2.l a.pprmal. 

. . , ' . Jourr . .:.l of Parapsy:hology . .f9, 3--19. 
attn butabk to psychologists Detter understanding of lr,,.,in, l-'. J. ( 1979). Psi an.ti 1k mind: An inform:.1ion procwing 
sources of error in human judgment. There Sttms to apprcah. Mc:.uchcn, NJ: Scaro:row. 
b: no ei::iuaJly sound reason for the curious f3ct that hhn, R G. (1982). The pcrs.iS1cnt p;=idox ofps:is:hic phenomena: 
psychologists differed overwhelmingly from others in A? c::.ginecrir.g ~- ProcHd1ngs of ihe lr.sti1l.!.lc of Elec-
t! · d 'd ESP · 'b'J' · Of inc.al .:r.d EICC1ronu:s EnJ:tMcrs. 70. 136-170. 

1c1r ten 7n0'. to cons, er an 1mposs1 .1 _ny. K.rippnc:::. s .. Hooonoo, E, &. Ulhm . .o. M. (1972). A sccood pre-
natural SC1enusts, only 3% checked that op101on; of cogni:ivc d.rC2rn s:iudy with Malcolm &=:nt. J01.1rn.al of the 
tlic: 166 professors in other social sciences, not a single Am.er-can SocieryfO{' Psy:hic.al Research. 66. 269-279. 
one did. K.rippoc:. S .• Hoocrtoo, C., & UUm211, M. (1973). Ao experiment 

· - Both of these groups of psychologists have be,:n · in dram t.cl~lhy with -The G:3t.c(ul _Dead.-Jou~ of the 
·11 eel b th I h I I books h Amer,.·a.n Society of Psy:hosoma11c IxnlWT}' ar- Med,c1ne, 20. 1 serv y e apparent y sc oar y t at scc:m 9-17. 

to convey information about the dream experiments. K.rippn-., s .. Hooonoo, C., UUman, M .. M.astcrs.. R .. & Houston, 
The same mav be said about some other Ii ncs of para- J. ( 19~ 1 ). A Jong-<l.i.suncc "scnsory-oombardmcn:" study of ESP 
psycho I og.i cai' research. In tercsted readers might well m dro...-cs. J ownal of theA merican Society/or Psy:h ic.a! Racarch. 

I h .. al d fi th . . d 65. -4U-47.5. 
c::onsu t t e ongm sources an orrn e1r O\Vl'l JU g- Krippoc::. s .. & UU=n, M. (1970). Tclcp3Lhy a.od d.r=s: A con-
men ts. troUc:c ~xp::ri=t with ck:ctroc:no:ph..Jogra m-ck:::uo-oculogram 

mon.i1:n-ing. Jcr.imal of Ner-..ous an,:J Merual Disease. 151, 394-
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234 CHAPTER 6 • CONSCIOUSNESS AND ITS ALTERED STATES 

difference between sleep and hypnosis in the EEG and by demonstrations of 
alert hypnosis. 

A psychoanalytic theory suggests that hypnosis is a state of partial regres
sion in which the subject lae2ks the controls present in normal waking con
sciousness and-therefore acts impulsively and engages in fantasy production. 
The idea is that hypnosis causes a regression in the thought processes to a 
more infantile stage; fantasies and hallucinations during hypnosis are indica
tors of a primitive mode of thought uncensored by higher levels of control 
(Gill, 1972). 

A theory based on the dramatic nature of many hypnotic behaviors em
phasizes a kind of involuntary role enactment as a response to social demands. 
This theory does not imply that the subject is playacting in a deliberate at
tempt to fool the hypnotist; it assumes that the subject becomes so deeply 
involved in a role that actions take place without conscious intent (Coe & 
Sarbin, 1977). 

Yet another aprroach emphasizes the dissociative aspects of hypnosis. 
Dissociation invol\'es a split of consciousness into several streams of thought, 
each somewhat independent of the others. Hypnosis theoretically induces a 
dissociative state in the subject so that he is not aware of all that is occurring 
in consciousness. The hypnotist, however, can tap into the various streams 
of thought. A special version of this theory, called neodissociation theor~;, has 
proved to be useful in analyzing hypnotic phenomena (see the following 
Critical Discussion). 

Competing theories of hypnosis were argued more vehemently in the 
1960s and 1970s than they are today. With the facts and relationships now 
better understood, differences between explanations fade in importance. 
Each theory calls attention to some· significant features of hypnosis, and as 
new data become available, differences are being resolved (Kihlstrom, 1987). 

PSI PHEN011EN/\ 

A discussion of consciousness would not be complete without considering 
some esoteric and mystical claims about the mind that have attracted wide
spread public attention. Of particular interest are questions about whether or 
not human beings can a) acquire information about the world or other peo
ple in ways that do not involve stimulation of the known sense organs, orb) 
influence physical events by purely mental means. These questions are the 
source of controversy over the existence of psi, processes of information 
and/or energy exchange not currently explicable in terms of known sci
ence (in other words, known physical mechanisms). The phenomena of psi 
are the subject matter of parapsychology ("beside psychology") and include 
the following: 

1. Extrasensory perception (ESP). Response to external stimuli without any 
known sensory contact. 
a. Telepathy. Thought transference from one person to another without the 

mediation of any known channel of sensory communication (for exam· 
pie, identifying a playing card merely heing thought of by another person) 

b. Clairvoyance. Perception of objects or events that do not provide a stim· 
ulus to the known senses (for example, identifying a concealed playing 
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c. Precognition. Perception of a future event that could not be anticipated 
through any known inferential process (for example, predicting that a 
particular number will come ur on the next throw of dice) 

2. Psychokinesis (PK). Mental influence over physical events without the inter
vention of any known physical for..:e (for example, willing that a particular 
number will come up on the throw of dice). 

Experimental Evidence 

Most parapsychologists consider the~selves to be scientists applying the 
usual rules of scientific inquiry to admittedh, unusual phenomena. Yet the 
phenomena of psi are so extraordinary and so similar to what are widely 
regarded as superstitions that some scientists declare psi to be an impos
sibility and reject the legitimacy of parapsychological inquiry. Such a priori 
judgments are our of place in science; the real question is whether the empir
ical evidence is acceptable by scientific standards. Many psychologists who 
are not yet convinced chat psi has been demonstrated are nevertheless open 
to the possibility that new evidence might emerge that would be more com
pelling. For their part, many parapsYchologists believe that several recent 
experimental procedures either pro\'i.:le that evidence already or hold the 
potential for doing so. We shall examine one of the most promising of these, 
the ganzfeld procedure. 

The ganzfeld procedure tests for telepathic communication between a 
subject acting as the "receiver" and another subject who serves as the 
"sender." The receiver is sequestered in an acoustically isolated room and 
placed in a mild form of perceptual isolation: translucent ping-pong ball 
halves are taped over the eyes and headphones are placed over the ears; 
diffuse red light illuminates the room. and white noise is played through the 
headphones. (White noise is a random mixture of sound frequencies similar 
to the hiss made by a radio tuned between stations.) This homogeneous 
visual and auditory environment is called the Ganzfelcl, a German word 
meaning "total field." 

The sender is sequestered in a separate acoustically isolated room, and a 
visual stimulus (picture, slide, or brief videotape sequence) is randomly se
lected from a large pool of similar stimuli to serve as the "target" for the 
session. While the sender concentrates on the target, the receiver attempts 
to describe it by providing a continuous verbal r·eport of his or her ongoing 
imagery and free associations. Upon completion of the session, the receiver 
is presented with four stimuli-one of which is the target-and asked to rate 
the degree to which each matches the imagery and associations experienced 
during the ganzfeld session. A "direct hit" is scored if the receiver assigns the 
highest rating to the target stimulus. 

More than 50 experiments have been conducted since the procedure was 
first introduced in 1974; the typical experiment involves about 30 ganzfeld 
sessions in which a receiver attempts to identify the target transmitted by the 
sender. An overall analysis of 28 studies (comprising a total of 835 ganzfeld 
sessions conducted by investigators in 10 different laboratories) reveals that 
subjects were able to select the correct target stimulus 38 percent of the time. 
Because a subject must select the target from four alternatives, we would 
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Debate over the Evidence 

In 1985 and 1986, the Journal of Parapsychology published an exteded 
examination of the ganzfeld srudies. focusing on a debate between Ray 
Hyman, a cogniti\'e psychologist and critic of parapsychology, and Charles 
Honorton, a parapsychologist and ma;or contributor to the gan:feld -:bta
base. They agree on the basic quantitative results but disagree on points of 
interpretation (Hyman, 1985; Hyman & Honorton, 1986; Honorton, 19~j), 
We shall use their debate as a \'ehicle for examining the issues involve2 in 
evaluating claims of psi. 

REPLICATION PROBLEM In science generally, a phenomenon is not 
considered established until it has been observed repeatedly by several re
searchers. Accordingly, the most serious criticism of parapsychology is th;;c it 
has failed to produc~. a single reliable demonstration of psi that can be repli
cated by other investigators. Even the same investigator testing the s;;me 
individuals over time may obtain statis,ically significant results on one 0eca
sion but not on another. The ganzfeld rrocedure is no exception; fewer than 
half (43 percent) of the 28 studies analv:ed in the debate yielded statist1ca.lly 
significant results. 

The parapsychologists' most effective response to this criticism actually 
comes from within psychology itself. Many statisticians and psychologim are 
dissatisfied with psychology's focus on the statistical significarKe lewl as the 
sole measure of a study's success. As an alternative, they are increasingly 
adopting the technique of meta-anal)·sis, a statistical technique that treats 
the accumulated studies of a particular phenomenon as a single grand exrcri
ment and each study as a single observation. Thus any study that obtains 
results in the positive direction-even though it may not be statistically 
significant itself-contributes to the overall strength and reliability of the 
phenomenon rather than simply being dismissed as a failure to replicate 
(Glass, McGaw, & Smith, 1981; Rosenthal, 1984). 

From this perspective, the ganzfeld studies provide impressive repli
cability: 23 of the 28 studies obtain positive results (more direct hits than 
chance would predict), a result whose probability of occurring by chance is 
less than one in a thousand. 

The conventional criterion of replication further requires that any com
petent investigator be able to reproduce the claimed phenomenon, not just 
one or two gifted experimenters. This is often a difficult criterion to achieve 
in new areas of investigation hecause a number of unsuspected variaHes 
might affect the outcome. In psychological experiments, the experimenter 
is often an important social stimulus for the subject and hence a poorly 
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controlled source of variability. Even in such an established area as classical 
conditioning, investigators at one university were obtaining positive results 
94 percent of the time while other investi_gators could do so only 62 percent 
of the time (Rosenthal, 1966; Spence, 1964). Nor is the field of psychology 
alone here. Similar replication difficulties ha\'e been reported in medical 
studies of placebo efficacy (Moerman, 1981) and in such physical science 
areas as laser technology (Collins, 1974). 

This problem may be even more acute in parapsychology because psi 
effects may legitimately depend on the motivational atmosphere established 
by the experimenter. Some parapsychologists further believe that the experi
menter's own psi abilities and attitudes can ha\'e an effect. 

Despite these potential difficulties, the replicability of the ganzfeld effect 
does not appear to rest on the success of one or rwo investigators. Six of the 
IO investigators contributing to the 28 examined studies obtained statis
tically significant results; and, even if all the studies of the two most success
ful investigators are discarded from the analysis (half of the studies), the 
results remain significant (Palmer, Honorton, & Utts, 1988). 

The power of a particular experiment to rerlicate an effect also depends 
on how strong the effect is and how many observations are made. If an effect 
is weak, an experiment with too few subjects or observations will fail to detect 
it at a statistically significant level-even though the effect actually exists. 

This is strikingly illustrated by a recent medical experiment designed to 
determine whether aspirin can prevent heart attacks. The study was discon
tinued in 1987 because it was already clear the answer was yes. After six 
years, the aspirin group had already suffered 45 percent fewer heart attacks 
than a control group that received only placebo medication, a result that 
would occur by chance less than one time out of a million (The Steering 
Committee of the Physicians' Health Study Research Group, 1988). With 
such impressive results, it was considered unethical to keep the control group 
on placebo medication. This study was widely publicized as a major medical 
breakthrough. 

The pertinent point here is that the study included over 22,000 subjects. 
If it were to be repeated with 3,000 subjects, a significant aspirin effect would 
be unlikely to emerge; the experiment would fail to replicate. Despite its 
undisputed reality and its practical importance, the aspirin effect is actually 
quite weak. 

Now reconsider the ganzfeld effect. If the effect actually exists and has a 
true direct-hit rate of 38 percent, then statistically we should expect studies 
with 30 ganzfeld sessions ( the average for the 28 studies) to obtain a statis
tically significant psi effect only about one-third of the time (Utts, 1986). 
The ganzfeld effect is about four times stronger-than the aspirin effect. . 

In short, it is unrealistic to demand chat any real effect be replicable at 
any time by any competent investigator. The replication issue is more com
plex than that, and meta~analysis is proving to be a valuable tool for dealing 
with some of those complexities. 

INADEQUATE CONTROLS The second major criticism of parapsychol
ogy is that many, if not most, of the experiments have inadequate controls 
and safeguards. Flawed procedures that would permit a subject to obtain the 
communicated information in normal sensory fashion either inadvertently, 
or through deliberate cheating, are particularly fatal. This is called the prob
lem of sensory leakage. Inadequate procedures for randomizing (randomly se
lecting) target stimuli are another common problem. 

PSI PHENmlENA 23 7 
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Methodol0;ical inadequacies plague all t:.e sciences, rut the history of 
parapsychologv is embarrassingly full of premising results that collapsed 
when the procedures were critically examinea (Akers, 1984). One common 
charge against parapsychology is that prelimi:1ary, poorly controlled studies 
often obtain pei;itive results but that as soon a~ better controls and safeguards 
are introduced. the results disappear. 

Once a flaw is discovered in a completed experiment, there is no persua
sive way of arguing that the flaw did not con7ribute illegirimateh· to a posi
tive outcome; che only remedy is to redo the experiment correctly. In a 
database of sewral studies, however, meta-anc\sis can evaluate the criticism 
empirically by checking to see if, in fact, the :nore poorly controlled studies 
obtained more vositive results than did the be:cer controlle-:l studies. If there 
is a correlatio~ between a procedural flaw 2.:'"ld positi\'e results across the 
studies, then there is a problem. In the case of the ganzfeld database, both 
critic Hyman a:-id parapsychologist Honorton agree chat flaws of inadequate 
security and pe:ssible sensory leakage do nor correlate with positive results. 
Hyman claimed to find a correlation betwee:1 flaws of randomi:ation and 
positive results. but both Honorton's analysis :md two additional analyses 1'y 
nonrarapsychclogists dispute his conclusior. (Harris & Rosenthal, 1988; 
Saunders, 1985). Moreover, a series of 10 new studies designed to control for 
flaws identified in the original database yieked results consistent with the 
original set of :8 studies (Harris & RosenthaL 1988). 

FILE,DRAV.'ER PROBLEM Suppose that each of 20 investigators inde
pendently decides to conduct a ganzfeld study. Even if there were no genuine 
ganzfeld effect. there is a reasonable probab[iry that at least one of these 
investigators wJuld obtain a statistically sign:ficant result by pure chance. 
That lucky in\'cstigator would then publish a report of the experiment, but 
the other 19 investigators-all of whom obta:ned null results-are likely to 
become discouraged, put their data into a file drawer. and mo\'e onto some
thing more pr0mising. As a result, the scientific community would learn 
about the one successful study but ha,·e no how ledge of the 19 null studies 
buried away in the file drnwers. The database of known studies wciuld thus he 
seriously biased toward positive studies, and any meta-analysis of that 
database would arrive at similarly biased conclusions. This is called the file
drawer problem. 

The problem is particularly tricky because it is impossiHe, by definition, 
to know how many unknown studies are languishing in file drawers some
where. Nevertheless, parapsychologists offer r.110 lines of defense against the 
charge that the file-drawer problem serious!~ compromises their datahase. 

First, they point out that the Journal of Paraps!cholog:. actively solicits 
and publishes studies that report negative finJings. Moreover, the commu
nity of parapsychologists is relatively small, a.'1d most investigators are cog
nizant of ongoing work in the various laboratories around the world. When 
conducting meta-analysis, parapsychologists actively attempt to scout .out 
unpublished negative studies at conventions and through their personal 
networks. 

But their major defense is statistical, and ~ain meta-analysis provides an 
empirical approach to the problem. By knowing the overall statistical signifi
cance of the known database, it is possible to compute the number of studies 
with null results that would have to exist in file drawers to cancel out that 
significance. In the case of the ganzfeld database, there would have to be 

Approved For Release 2003/04/18: CIA-RDP96-00789R003100030001-4 



over 400 unreported studies with null results-the equivalent of 12,000 
ganzfeld sessions-to cancel out the statistical significance of the 28 studies 
analyzed in the debate (Honorton, 1985). Not surprisingly, there is con
sensus that the overall significance of the gan:feld studies cannot reasonably 
be explained by the file-drawer effect (Hyman & Honorton, 19&6). 

Rather than continuing their debate, Hyman and Honon:,,n issued a 
joint communique in which they set forth their areas of agreement and dis
agreement and made a serie·s of suggestions for the conduct of future ganzfeld 
studies (Hyman & Honorton, 1986). Their debate and the sub~quent dis
cussion provide a valuable model for evaluating disputed domains of scien
tific inquiry. 

Anecdotal Evidence 

In the public's mind, the e,·idence for psi consists primarily of personal 
experiences and anecdotes. Such evidence is unrersuasive in science because 
it suffers fatally from the 5.ame problems that jeopardize the experimental 
evidence-nonreplicabiliry, inadequate controls, and the file-drawer problem. 

The replicaticm problem is acute because most such evidence consists of 
one-time occurrences. A woman announces a premonition that she will win 
the lottery that day-and ~he does. You dream about an unlikeh· event that 
actually occurs a few days later. A "psychic" correctly predicts the assassina
tion of a public figure. Such incidents may be subjectively compelling, bur 
there is no way to e\'aluate them because they are not repeatable. 

The problem of inadequate controls and safeguards is decisive because 
such incidents occur under unexpected and ambiguously spedied condi
tions. There is thus no wav of ruling out such alternative interrretations as 
coincidence (chance), faulty memories, and deliberate deception. 
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And finally, the file-drawer problem is also fatal. The lomry w,:-ner who 
announced ahead of time that she would win is prominently :·earu:d in the 
news. But the thousands of others with similar r:emonitions v.ho ,Li nor win 
are never heard from; they remain in the file drawers. It i~ true :hat the 
probability of this woman's winning the lottery ~-·as very low. 3ut cl-.-:: critical 
criterion in evaluating this case is not the proba~iliry that she woul.: win but 
the probability that any one of the thous.ands who thought t:-iey w:uld win 
would do so. That probability is much higher. \foreover, thi1 wor..2.n has a 
personal file drawer that contains all thme past instances in ·.,·hid she had 
similar premonitions and then lost. 

The same reasoning applies to pre.:ogniri1e dreams (in othc: words, 
dreams that anticipate an unlikely event that rl-:~n occurs a few d2·,, later). 
We tend to forget our dreams unless and until an event happefo tci rt-:nind us 
of them. We thus have no way of evaluating how often wt m1;~1t have 
dreamed of similar unlikely events that did nor occur. We fiJ: our .:atabase 
with positive instances and unknowingly exclud:: rhe negative ins~=.,ces. 

Perhaps the fullest file drawers 1:--elong to the ~J-called psyches\\ ~o make 
annual predictions in the tabloid newspapers. \ol:--odY remerr.h:rs :~,e pre
dictions that fail, but everybody rememr--ers tht occasional Clrect ~,1ts. In 
fact, these psychics are almost alwavs wrong (Frc.:ier, 1987; T\ler. ;:77). 

Skepticism about Psi 

If some of the experimental evidence for psi is as impressi\'e a5 tt Sec::-:-,s, why 
hasn't it become part of establishe..-l science? \1:.hy do we cc,ntim.:--: to be 
skeptical? 

EXTRAORDINARY CLAIMS Most s-eientisE believe that txtra-:dinary 
claims require extraordinary proof. A study rer1.,rring that ,'.uder.'.s who 
study harder get higher grades will be belie\·ed ewn if the study ,1:as s.t~1ously 
flawed because the data accord well with our unde;standing of h0w tht world 
works. But the claim that two people in a gan:fel.:l study commJnic2:e tele
pathically is more extraordinary; it violates our a priori beliefs c:~our ~eality. 
We thus rightly demand a higher measure of prcof from parapsychjogists 
because their claims, if true, would require us to ra:.!ically re\'ise 0ur rr,_del of 
the world-something we should nor undertake h;hrly. In this way. s.:ience 
is justifiably conservative. Many open-minded nonparapsycl-dog:,rs are 
genuinely impressed by the ganzfeld studies, for exc:mrle, hut rea;onaL. they 
can and do ask to see more evidence before committing them,dn~s :o the 
reality of psi. 

Extraordinariness is a matter of degree. Telep2rhy seems le;s ext::-aordi
nary to most of us than precognition because we art already familiar w,:h the 
invisible transmission of information through space. We may nor all i.;nder
stand how television pictures get to our li\'ing rooms, bur we knc,v,· th2~ they 
do so. Why should telepathy seem that much more mysteriom? Pre;:ogni
tion, on the other hand, seems more extraordinary because we have :10 fa. 
miliar phenomena in which information flows backward in time. 

Extraordinariness also depends on our current model of reality. f..s our 
understanding of the world changes, a phenomenc-n that seemed ext~ordi
nary at an earlier time may no longer seem so-even if the qlllity vf the 
evidence has not changed. Any child who has \'isired a museum of natural 
history has seen fragments of a meteorite. But before-the nineteemh century, 
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the scientific community did not believe in meteorites. Those who reported 
seeing them were ridiculed-Stones falling oi.;t of the sky! Does God hurl 
them at us from heaven?-and alternative, mtural explanations were ad
vanced to explain away the evidence (Nininger, 1933). 

In the twentieth century, quantum mecha:iics is challenging our every
day model of reality far more radically than nost people realize (Herbert, 
1987). Some parapsychologists believe that mJdem physics will provide a 
model of reality within which psi phenomena ,viii fit comfortably and unre
markably (Stokes, 1987), and many studies of psychokinesis are conducted 
by physical scientists who explicitly base thei: theories of psi on quantum 
mechanics (Jahn & Dunne, 1987). If they are right, the scientific commu
nity may come to accept psi not because the d.Ha became more convincing 
but because psi became less extraordinary. 

SKEPTICISM OF PSYCHOLOGISTS Psychologists are a particularly skep
tical group. National polls find that about one-half of all adult Americans 
believe in ESP, a figure that rises to two-third~ among Americans with col
lege backgrounds. A survey of over 1,000 colle~c professors found that about 
66 percent believe that ESP is either an establi~~ed fact or a likely possibility. 
Moreover, these favorable views were expressec by a majority of professors in 
the natural sciences (55 percent), the social sciences excluding psychology 
(66 percent), and the arts, humanities. and education (77 percent). The 
comparable figure for rsychologists was 34 percer.t (Wagner & Monnet, 1979). 

Psychologists may be more skeptical thaTl others for several reasons. 
First, claims of psi might seem more extraordi:1ary to psychologists than to 
others because it is their conceptual world tha, would require the most radi
cal revisions if psi were shown to exist. SeconJ, they are the most familiar 
with past instances of extraordinary claims within psychology that turned out 
to be based on flawed experimental procedures. faulty inference, or even on 
fraud and deception. 

Third, psychologists know that popular accounts of psychological find
ings are frequently exaggerated. For example, the genuinely remarkable 
findings from research on asymmetries in the human brain (see p. 50) have 
spawned a host of pop-psycholo~· books and media reports containing un
substantiated claims about left-brained and right-brained persons. Irre
sponsible reports about states of consciousness-including hypnosis and 
psi-appear daily in the media. It is thus peninent to note that when the 
college professors in the survey cited above were asked to name the sources 
for their beliefs about ESP, they most frequently cited reports in newspapers 
and magazines. 

And finally, research in cognitive and social psychology has sensitized 
psychologists to the biases and shortcomings in our abilities to draw valid 
inferences from our everyday experiences (see Chapter 18). This makes them 
particularly skeptical of anecdotal reports of psi where, as we saw above, our 
judgments are subject to many kinds of errors. 

For these several reasons, then, much of the skepticism of psychologists 
toward psi is well-founded. But some of it is not. As we noted earlier, some 
scientists declare psi to be an impossibility and reject the legitimacy of para
psychological inquiry-a priori judgments that we believe to be out of place 
in science. Only 4 percent of the college profe5;ors in the survey declared psi 
to be an impossibility-but 34 percent of the psychologists did so. Two hun
dred years ago, these same skeptics wou_ld have been equally certain that God 
does not hurl stones at us from heaven. 

PSI PHENOMENA 241 
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242. CHAPTER 6 • CONSCIOUSNESS AND ITS ALTERED STATES 

QCHAPTER SUI\t\1ARY I. A person's perceptions, thoughts, and feelings at any mommt in time core ti cute 
that person's consciousness. An altered state of cons.:iousnes.' is said ro exi~: when 
mental functioning seems changed or out of the ordinary :o the rer5-on :xperi
encing the state. Some altered states of consciousness, such as sleer and d·e3ms, 
are experienced by everyone; others result from s~cial c1~cumstances, ;;JCh as 
meditation, hypnosis, or the use of drugs. 

2. The functions of consciousness are a) monitoring ourselves md our en\'iw,menr 
so that we are aware of what is happening within our bodie; an,:! ir. our sur.lund
ings; and b) controlling our actions so that they c00rdina:e with event, n the 
outside world. Not all events that influence consc1ousne~; are at the ce~,rer of 
our awareness at a given moment. Memories of rersornl e\·enrs and if the 
knowledge accumulated during a lifetime that are acces,:ble bu, are n.:r cur
rently part of one's consciousness are called preconscious r::emori,:s. Even-, that 
affect behavior even though we are not aware oi percer,ing them inf.uence 
us subconsciously. 

3. According to psychoanalytic theory, some emoti,,nally r,1inful rnemon-:, and 
impulses are not available to consciousness because they have been repre;.;ed
that is, diverted to the unconscious. Unconscious though,; and impulse; influ
ence our behavior even though they reach consciousness )nh' in indirec ways 
through dreams, irrational behavior, and slips of the tong-Je. 

4. The notion of a divided consciousness assumes that though:s and memon:s may 
sometimes be dissociated. or split off, from consciousness. ;ather than rerressed 
to the unconscious. Extreme examples are cases of mulriplt person.c:lw,. in ,.,h ich 
two or more well-developed personalities alternate within :he same indi,1dual. 

5. Sleep, an altered state of consciousness, is of interest because of the rl-.. chms 
evident in sleep schedules and in the depth of sleer. Thest rhythms are ;:udied 
with the aid of the electroencephalogram (EEG). Patterns Jf hain waw, ,h0w 
four stages (depths) of sleep, plus a fifth stage characteri:td by rapid e-:,c 11cx·e
menis (REMs). These stages alternate throughout the night. Dreams occu: more 
often during REM sleep than during the other stages (nor.-RD.1 5\eep). 

6. In 1900, Sigmund Freud proposed the most influential :heory of drea:71$. It 
attributes psychological causes to dreams, distinguishing ~erween the m2nifest 
and latent content of dreams and stating that dreams are w:shes in disgu1,:. 

7. Psychoactive drugs have long been used to alter consciousn-:ss and m00d They 
include depressants, such as alcohol and tranquili:er5; opiate5, such as hercm and 
morphine; stimulants, such as amphetamines and cocaine; f.allucinJgms. ,Kh as 
LSD and PCP; and cannabis, such as marijuana an.-l hashi,h. 

8. All of these drugs can produce psychological dependence (rnmruh1\·e use :o re
duce anxiety), and most result in physical dependence (increa~d wleranc<: and 
withdrawal symptoms) if used habitually. 

9. Alcohol is an integral part of social life for many college students. 1'ut ,t can 
create serious social, psychological, and medical rrnblerns. Pwl,mged ;1ea\'Y 
drinking can lead to alcoholism, which is marked by an inabda-:, to a~swin furn or 
a lack of control over drinking. 

10. Meditation represents an effort to alter consciousness 1'y fotlowing planntd rit
uals or exercises such as those of yoga or Zen. The result is a somewhat m,,rical 
state in which the individual is extremely relaxed and feds di\'orced from the 
outside world. Simple exercises combining concentration and relaxatin:1 can 
help novices experience meditative states. 

11. Hypnosis is a responsive state in which subjects focus their anentitm n, the 
hypnotist and the hypnotist's suggestions. Some people are more readily h1pno· 
tized than others, though most people show some suscept1Hlity. Self-hypnosis 
can he learned by those who are responsive to hypnosis induced by othen. 

12. Characteristic hypnotic responses include enhanced or diminished c0ntrol 
over movements, the distortion of memory through posth:pnoric amnesia, age 
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regression, and positive and negative hallucinations. The reduction of pain, as a 
variety of negative hallucination, is one of the beneficial uses of hypnosis in the 
treatment of bums and in obstetrics, dentistry, and surgery. 

13. Theories of hypnosis have long been a source of controversy, with each explain
ing some aspect of hypnotic behavior but none explaining all. With better 
agreement on the empirical facts, the theories are gradually becoming comple
mentary rather than antagonistic. 

14. There is considerable controversy over psi, the idea that human beings can 
acquire information about the world in ways that do not involve stimulation of 
known sense organs or can influence physical events by purely mental means. 
The rhenomena of psi includes extrasensory perception (ESP) in its various forms 
(telepathy, clairvoyance, precognition) and psychokinesis, mo\'ement of objects 
by the mind. 

15. A number of carefully controlled studies (called ganzfeld experiments) have been 
conducted to evaluate ESP \'ia telepathy. These experiments are subject to criti
cism (replicability, inadequate controls, file-drawer problems). However, a 
careful analysis of the results does not preclude the possibility of a real ESP 
effect. Nevertheless, most psychologists remain skeptical about ESP and psi in 
general, in part because so many past instances of extraordinary claims turned 
out to be based on flawed experimental procedures, faulty inferences, or even on 
fraud and deception. 

FURTHER READING 243 

Several books deal in general with the problems of consciousness and its airer- r; F 'R TH LR R L :'\. l) 1:,.: ( ; 
ations, such as Baars, Cognitit•e Theory of Consciousness (1988); Pope and Singer 
(eds.), The Stream of Consciousness (1978); and Bowers and Meichenbaum (eds.), 
The Unconscious Reconsidered (1984). For philosophical/psychological discussions of 
consciousness see Lycan, Consciousness ( 1987); Jackendoff, Consciousness and the 
Computational Mind ( 1987); and Churchland, Matter and Consciousness ( 1988). 

Problems of divided consciousness are treated in Hilgard, Di\·ided Consciousness 
(1977); Kluft (ed.), Childhood Anteced..."7lts of Mulriple Persona/it)' (1985); and Braun 
(ed.), Treatment of Multiple Personalit~ Disorder (1986). 

Useful books on sleep and dreams include Hobson, Sleep ( 1989); Home, Wh)· 
We Sleep ( 1988); Hobson, The Dreaming Brain ( 1988); and Hauri, The Sleep Disorders 
(1982 ). 

General textbooks on drugs include Julien, A Pn·mer of Drug Action (5th ed., 
1988); Julien, Drugs and the Bod:·; (1988); and Ray, Drugs, Societ)', and Human Behai·
ior (3rd ed., 1983 ). Drug and Alcohol Abuse (3rd ed., 1989) by Schuckit provides a 
guide to diagnosis and treatment. For a thoughtful discussion of the legal and social 
problems of heroin, as well as an evaluation of possible solutions, see Kaplan, The 
Hardest Drug; Heroin and Public PoliC) (1983). . 

On meditative practices, see West (ed.), The Psychology of Meditation ( 1987); 
Goleman, The Varieties of Meditative Experience ( 1977); or Naranjo and Ornstein, On 
the Psychology of Meditation (1977). On meditation for relaxing, see Benson, The 
Relaxation Response (1975). For a discussion ofrelaxation and mental images in ath
letics see Syer and Connolly, Sporting Body Sporting Mind; An Athlete's Guide to 
Mental Training (1984) and Butt, The Psychology of Sport (2nd ed., 1987). 

There are a number of books on hypnosis. Presentations that include methods, 
theories, and experimental results are E. R. Hilgard, The Experience of Hypnosis 
(1968); Fromm and Shor (eds.), Hypnosis; Developments in Research and Neu• Perspec
tives (2nd ed., 1979); and J. R. Hilgard, Personality and Hypnosis (2nd ed., 1979). 

For a review of parapsychology, see Wolman, Dale, Schmeidler, and Ullman 
(eds.), Handbook of Parapsychology ( 1985 ); Frazier (ed.), Science Confronts the Para
normal (1986); Kurtz (ed.), A Skeptic's Handbook of Parapsychology (1985); Marks and 
Kammann, The Psychology of the Psychic {1980); and Gardner, Science: Good, Bad, 
and Bogus (1981 ). · 
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TESTING SCHRODINGER'S PAR.\.DOX WITH A MICHELSON INTERFEROMETER 

Evan Harris WALKER 
U.S. Army Ballistic Research Laboratory, Abuc'an Pro,•ing Ground, Maryland, USA 

E.C. MAY, S.J.P. SPOITISWOODE and T. PIANTANIDA 
SRI Jnumatiorial, Menlo Park, California, USA 

The &:hrodinger paradox points out that qi:a.ntum mechanics predicts a linear superposn1on of states even ior 
macroscopic objects prior to measurement. Howe,,.er, at the macroscopic level of ordinary objects it has not been poss::ile 
to maintain the phase correlations needed to demonstrate or disprove the reality of such a superposition of states as 
opposed to the mixture of states. Without such a quantum "signature", this paradoxical prediction of quantum theory 
would seem to have no testable consequences. State vector collapse in that case becomes indistinguishable fror., a 
stochastic ensemble description. 

The experiment described here provides a mea~s for testing Schrodingers' paradox. A Michelson interferometer is used 
to test for the presence of state superposition cf a pair of shutters that are placed along the two optical anns of ,he 
interferometer and driven by a beta decay source so that either the first shutter is open and the second closed or vice w,sa. 
The shutters take on the role of the cat in the S.:hrodinger paradox. 

The experiment that we discuss here has been carried out at SRI International. Under the conditions of the experirne:1t. 
the results remove the possibility of the existence of macroscopic superposition prior to observation. 

1. Introduction 

The Schrodinger paradox is among the oldest 
of the puzzles surrounding the interpretation of 
quantum mechanics. Like the Einstein
Podolsky-Rosen (EPR) paradox it has engen
dered a great deal of speculation about our basic 
understanding of physical reality. Also like the 
EPR paradox, Schrodinger proposed his paradox 
to point out that the statistical interpretation of 
quantum theory must at some level contain a 
flaw, since it implies the reality of a linear super
position of states even at the macroscopic level -
before observation. Moreover, just as in the case 
of the EPR paradox, the Schrodinger paradox 
bas long been thought of as an untestable con
sequence of quantum theory, since it relates to 
the state of a macrosystem just before observa
tion, a state that we know must approach asym
ptotically to that given by classical mechanics. 
That is to say; we know that the usual interfer
ence effects by which we distinguish the presence 
of state superposition in atomic processes can be 
shown to be too sma}l to observe in the case of 

\ 

macroscopic systems. But the development of 
Bell's theorem showed us how to test the 
paradoxical implications of quantum mechanics 
that had been pointed out by Einstein, Podolsky 
and Rosen in 1935. Within the limits of our 
experimental setup, we have now done the same 
for the Schrodinger paradox. 

There are important. reasons for doing this 
experiment. AU of us are quite aware of the fact 
that the existence of a linear superposition of 
states at the macroscopic level is quite counter
intuitive. Nevertheless, no experiment has ever 
been done that has yielded results contrary to 
the literal application of quantum theory. The 
absence of superposition at the macrolevel prior 
to observation has not been experimentally de
monstrated - and in fact it has generally been 
thought that such a test was not feasible. This 
has Jed to the developement of various interpre
tations of quantum mechanics having to do v.ith 
the macroscopic reality of quantum states. 

A second reason for carrying out an experi
ment of the present type is that it represents an 
efficient way to search for the nature of and 
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cause of state vector collapse. We all know that 
the machinery that effects state vector collapse, 
whatever that phrase actually means, must be 
somewhere between the thing observed and the 
observer. Indeed, this obser\'er-observed dich
otomy has become a rather commonly used 
phrase in discussions of the measurement prob
lem. But the gap between these two covers a lot 
of territory. Moreover, we also know that the 
perponderant opinion is that the transition from 
the pure state to the mixed state probably takes 
place at a level above that of the l2igest coher
ence that exists for the system being observed. 
But to focus all our attention at that level at this 
stage of the game when we still know so little 
about what causes state vector collapse may not 
be an efficient way to explore the p:1ysics invol
ved. It may be a more efficient straiegy to carry 
out experiments Jook:mg for the existence of 
state superposition at various levels between the 
atomic level and that of the macros.copic world. 
Most experiments in this field are designed to 
examine a cut in von Neumanr1's chain between 
the observer and the observed jus: above the 
level of the basic atomic interactio;; itself. Our 
experiment goes to the opposite extreme to look 
for state superposition immediately prior to ob
servation at the macroscopic level. 

By doing this we are able to deal experimen
tally with what has come to be a quite wide
spread and popular conception of what quantum 
mechanics has to say about physical reality. The 
Schrodinger paradox has been used to imply an 
actual "observer-observed" dichotomy exists as 
a fundamental aspect of physical re2lity, and. to 
imply that the observer creates his own reality in 
the act of observation. It has been used to raise 
such questions as the "Wigner's friend" paradox 
and even to promote speculation that by our 
observation we may be creating the Big Bang of 
the universe. If our experiment does nothing 
more than Jay such speculation to rest it will 
have be.en more than worthwhile. 

At the other extreme, however, we should 
recognize the possibility that it is through this 
doorway that some phenomena, heretofore not 
dealt with by science, may be approached. The 
existence of consciousness as a phenomenology 

that lies beyond what we as physicists mean by 
distance, mass. electric cha ge and the other 
constructs of our physical e uations cannot be 
denied. Consciousness surely arises out of some
thing that goes on in the brai of each of us, but 
yet lies beyond its usual desc · ption as a physical 
object no matter how comple . It may be that if 
quantum mechanics does req ire the observer as 
an essential and irreducible aspect of physical 
reality, then we may find i s proper scientific 
description to be bound up ith an understand
ing of how state vector coll pse comes about. 
Whatever the likelihood tha we will find evi
dence for this in the experim nt we discuss here; 
it would seem to be worth t e effort to look. 

The Schrodinger paradox ~rises because the 
prescription for writing the general state vector 
for a.ny system requires tha one can sum all 
possible component states for an unmeasured or 
unobserved system irrespecti e of the scale of 
the system to be observed. s a consequence 
according to Schrodinger, a at placed in a box 
rigged to release a tranquilize (out of difference 
to the SPCA - and this writ r) if a beta decay 
occurs in a specified interval o time, or not if the 
beta decay does not occur, m1ust be represented 
by a state vector that is the s~m of both possible 
outcomes before a measurem nt is made on the 
system. Using Dirac's notati n this would give 
for the combined state 

(1) 

where the subscripts A and sj'refer to the awake 
and sleep states respectively Although this is 
generally regarded to be a p ,eposterous conclu
sion, there exist no experimef ts that violate this 
or any of the basic premises of quantum mech· 
anics. A definitive experime t that would de
monstrate that such a supe osition of states 
does not exist would be a ignificant if not a 
surprising achievement. On th other hand, since 
there exist no examples of violation of the 
principles of quantum mechanics, it must be 
considered a ,iable possibi ity that quantum 
mechanics is valid here as we I. 

It is usually thought that o e of two possible 
,' 
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influences causes state vector collapse. One of 
these is that something happens during the trans
ition from the microscopic realm of the system to 
the macroscopic realm. Efforts so far to formu
late such a suggestion have been unsuccessful -
in fact all such proposals that have been reduced 
to a mathematical prescription have proved to be 
v.Tong because they have predicted results at 
variances with experiments already conducted. 
Of course we know that on measurement state 
vector collapse v.111 occur - or will have occur
red. If we open the box, we will see the cat 

MIRROR 

ACOUSTO
OPTIC 

MODULATOR 

PHOTOGRAPHIC 
EMULSION 

either awake or asleep. Some few scientists have 
suggested that the act of conscious observation 
causes state vector collapse. Wigner has pointed 
out that such is a peculiar implication of quan
tum mechanics, but he has made no effort to 
formulate what this would mean, i: indeed he 
takes this possibi!ity seriously. Wheeler has poin
ted out that Bohr specifically "rejected the term 
'consciousness' in describing the elerr.ental act of 
observation ... he emphasized that no measure
ment is a measurement until it is 'bought to a 
close by an irreYersible act of ampli:ication and 

AMPLIFIER 
a PULSE 

SHAPER 

BISTABLE MULTIV12RATOR 
B DELAY CIRCIU'iS 

CESIUM 
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::,,137 
..... o .·.· '-----=<..• 

NAL 
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BO MHz BO MHz 80MHz 
RF l--...,..!"'----4 ~~1-----;~---1 RF 

SWITCH OSCILLA SWITCH 

MIRROR 

Fig. 1. Experimental arrangement for testing the Schrodinger paradox using a Michelson interferometer. The cesium 137 gamma 
source provides the random quantum event that triggers the bistable multivibrator (flip-flop) circuit controlling the AO cells so 
that in any given state one cell is always on while the other is always off. 
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until the result is 'communicable in plain lan
guage."' These ideas have not been reduced to 
mathematical formulation, have not been de
rived from the Schrodinger equation (note that 
the Ehrenfest theorem does not cover the case 
considered here; it does not show that any reduc
tion in the number of states exists in the t;ansi
tion to the microscopic, only that certain kinds of 
macroscopic processes approach the classical in 
the limit), and the latter prescription is clearly 
anthropomorphic - nothing more. 

We have carried out an experiment tha, not 
only tests the Schrodinger paradox, but has the 
potential through modest modifications to range 
the entire gamut of possibilities in order to estab
lish exactly where and how state vector col:apse 
takes place. The experiment makes use of 
Michelson interferometer (a Mach-Zetnder 
interferometer could equally be used) in which 

MIRROs 

v?ZZ1?ZJ 

two shutters, acousto-optic l (AO) cells, are 
placed one in each arm of the interferometer. 
These AO cells are driven y a quantum mech
anical process, specifically, cesium 137 gamma 
source driving a bistable mu! ivibrator (flip-flop) 
circuit in such a way as to g te one or the other 
of the two possible paths in the interferometer. 
Thus, knowing the state of t e quantum process 
driving the AO cells we wo Id know that either 
path 1 was open while path was closed or vice 
versa. Since we do not kno · the quantum state 
driving the AO cells, however, the system must 
be in both states - that is, in he linear superposi
tion of states. Fig. 1 show the layout of the 
experiment. 

Although we have replac d Schrodinger's cat 
,.,,ith the more manageable O cells, it is easy to 
see - as in figs. 2 and 3 - tha this is a realization 
of the Schrodinger paradox in which we have 

MIRROR 

1, . j==J:l;;.$;e-;!!!!!~~~------
Ht·ht LASER ~EAM 

SOURCE I SPUTTER 

I 
t 
I 

PHOTOGR.I.PHIC 
EMULStON 

Fig. 2. Schematic showing tha1 the experiment of fig. I is in fact a variant of the Schrodinger paradox a angemcnt. Here the cat 
in Schrodingcr's thought experiment is shown awake and sitting in the way of arm I of the intcrfcroltcr. 
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Fig. 3. In this figure we see the state in which the beta source has caused the release of the trL1quilize~ gas - causing the cat tc 
fall asleep in the way of ann 2 of the interferometer. 

added an interferometer to test the existence of a 
superposition of pure states or simply the pres
ence of one or the other unknown state of a 
mixture of states. Now let us look at the equa
tions appropriate to the problem. 

2. The cat and the correlation of states 

Let us riow look at why we should not ordi
narily expect to observe any effect with large 
objects in the first place. The system described 
by I ..P) = I ¢1) + I ¢2 ) for which an observation 
operator A(x) in con.figuration space would yield 
All/11 ) = ,811¢1 ) and Alv,2 ) = ,82 ltJ.,2 ) yields for an 

\ 

observation probability p, 

p = (..PIA°AI..P) 

= < .a r < ¢1 I + f3; < 1/12 )( f31 I ¢1 > + .82 I l/12 >) 
=I.al+ I.al+ /3~ 132< rjf1 I lfl2) 

+ ,8; fl1 ( ¢2 I 1/11) . (2) 

Because our object is large however, the phase 
factors entering into 1)11 and tt,2 will vary rapidly. 
so rapidly that the tenns ( rJ,1 I 1/12 ) and ( rJ,2 I "11 ) 

are for macroscopic objects zero. As a con
sequence, Eq. (2) reduces to p = l/311

2 + I.Bl 
which is indistinguishable from· the classical 
probabilities for the system. 
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3. Michelson interferometer 

Assume the arrangement shown in fig. 1, but 
in which both AO cells are always on. This gives 
us then the standard Michelson interferometer 
with a CW laser source. Using the subscripts 1 
and 2 for the tv,·o arms of the device, we write 
for the state of a single photon 1 % ) = I ¢ 1 ) + 
I ¢ 2 ). For a configuration space photon absorp
tion operator A(x) satisfying A(x)l¢1) = .811¢1) 
and A(x)j¢2 ) = /32 1¢i) obviously we will have 
for the probability p 0 , p0 = (%1AtAI%), so that 

Po= I.Bl+ lf32l2 + t3r /32 ( <Pi I ¢2) 
+ 13;131(¢211>1), (3) 

which is formally what we found in eq. (2). 
However, for photons in an interferometer, 
terms like ( ¢ 1 I ¢2 ) contribute significantly. We 
will return to this later. The point here, how
ever, is that it is the presence of these cross 
terms that lead to the interference effects we 
observe with an interferometer. 

Since we are using a constant wave (CW) laser 
for our source, the photon is represented by 

(4) 

where x 1 is the path length for arm number one 
in the interferometer, t 1 is the time of the mea
surement, k and w are the wave number and 
angular frequency and a1 is a normalization fac
tor. If ( ¢ 1 I ¢J and ( ¢ 2 I ¢ 1 ) are averaged over 
complete cycles of x 1> x2 , t 1 and t2 , these terms 
will vanish. With equivalent paths for the two 
arms of the interferometer, l/31'2 = l.82'2 = /32 

so 
that we can simply define p0 = 2,82

• 

4. Michelson interferometer test of the 
Schrodinger paradox 

Now let us look at the the complete problem 
as shown in fig. 1 in which the state of the 
quantum mechanical system depends on the cou
pled gamma decay-photon system. The gates, 
G, are functions of a parameter B of the gamma 

deca) and of the arm of the interferc-:-:1eter 1 

whic the gate is located, while the p~.oton ~ 
prese tation as before depends on the 2:-:n of~ 
inte rometer, position and time t. We have 
gene al liJ!) = !G)@l<P). This gives us 

1'¥) G1(B, arm l)l¢ 1(x 1, t)) 

+ G2 (B, arm 2)l¢ 2 (x 2 , t)) •. (5 

The arameter B has two states which s:.e de~g 
nate 'on" ( or "+ ") and "off' (or " - ,. for arr 
numbe one of the interferometer anc for J.!;i 
secontl arm, "off' (or"-") and "on" ,or".-, 
respe tively, as determined by the log:: of _J 

switc ing circuit. Eq. (5) becomes 

1'¥1) G;l¢1) + G;l¢J + G;l4>1) + c-;1¢.u 
(6 

As b fore we write A(x)l¢1) = /31J¢1). etc. I 
there ore have 

Al'¥1 = c; f31l1>i> + c; f32l1>J + G; r!<t>J"""' 
+ G; J32l<PJ. Ci 

The etection probability function Pi is then · 

.; 

= (G; /31¢1 + G; /32¢2 + G; /31<!>1 

G; /32¢2)1( G; /31 ¢1 + G; f32<fi2 

t c; f314>1 + G; 1'3A2)), 

whici gives 

Pi= l.8/IG:1 2 + 13; 1'32G1*G;(¢1 I ¢1) 

l/3i!2G;*G; + 13;132G1•G;(¢,(¢ 2 ) 

.8 ; /31 G; * G ; < 4>2 I ¢ 1 ) + I /32 I 2 I G; 12 -

.8; f31G;* G; ( ¢2 I <P1) + l/3iJ2G;·c; 

l/3JG;·G; + 1'31 ,82 G;•G; (¢ 1 I ¢J""' 
l/31'2IG;l2 + /3~ t32G;*G; ( <P1 I 62) 

/3i f31G; *G; ( ¢2 I ¢1) + l/32 l2G; • c;=
{3 i /31 G; * G ; ( ¢2 I <P1 ) + I .82 I 2 i G; I 2 • (S 

-
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Since the component states such as c/>1 and ¢2 in 
the linear superposition are the same functions 
as for the single states alone, we have simply 
that c- = c- = c-· = c-· = 0 and IG+I = l 2 I : > l 

IG;l2 = 1. Eq. (9) reduces c0 

Pi = I /31 I 2 + I .BJ + .B ~ f32 < cf>: I ¢2) 

+ .a;131<<1>2I cf>1). (10) 

which is the same result as in eq. (3) for the 
Michelson (or Mach-Zehr:der) interferometer 
result without AO cells. 

5. Representation of the photon 

Since the laser is not puJs.ed and since we can 
assume the switching rate o: the AO cells to be 
much lower than the frequency of the photon, 
we can write simply 

(11) 

and 

(12) 

where we have introduced t.1e factors a 1 and a 2 
as normalization factors for :he particular condi
tions of the experimental arrangement and de
tection interval. For essenti21ly identical arms in 
the interferometer, f31a 1 = f3.za2 , so that we can 
write 

r1+A.r 

= a 2[2.6.x + J eil:(ri-.ril dx; 

r1 

X2+A.r . 

+ J . eik(r 1-r 2) dx; J 
1 

JC2 

(13) 

where tu is the thickness of the photographic 
film layer and where we have incorporated the 
time interval of the measurement in our normali
zation factor a. The primes indicate that the 

' 

probabilities represent a measureme::t ove: a 
time that is long v,'ith respect to tte phc,:0n 
frequency. Of course, for thin films we h.:.\·e 
simply 

Therefore, in the absence of any fonnlism t~,at 
would prescribe state vector collapse :,elow :he 
macroscopic level, our calculation pr!dic-ts :he 
presence of interference fringes in tt-,! p,re~:nt 
experiment despite its counterintui:ive::.ess. 

Therefore. 2 failure to detect a robu~.: interi~r
ence pattern will show that the ex;:-<!rimer.tal 
results. are in disagreement with our u.eoret,:al 
prediction. 

The converse outcome holds equall:· rem2~k
able significan:e. The occurrence o: in:=rf:::re~ce 
fringes would mean that the linear sup!rposiun 
of state holds before observation en:1 c1n ::ie 
macroscopic scale. 

6. The apparatus 

The apparatus consists of a simple ~-iicheh,Jn 
interferometer with optical switches in the re:ay 
arms. A schematic diagram of the arrar- 5emen: is 
shown in fig. 1. 

The polarized output beam from a 6.:28 A CV/ 
helium-neon sin;le mode laser is atternated by 
a factor of 10- so as to produce a beam of 
1.3 x 10- 14 W, approximately 4.17 x 10' phiotrns 
per second intensity. The attenuation is acbie,ed 
by a combination of the deflected bean: intensity 
reduction, neutral density filters and a ?Olariz=r. 
The light incident on the beam splittin.; is pohr
ized with the electric vector perpendictfar to the 
plane of fig. l. . 

The light is passed to a beam split:er wh.'ch 
produces beams of nearly equal intensity. E~ch 
arm of the interferometer contains ar; acous:o
optical modulator consisting of a Te0 2 cryEal 
coupled to an ultrasonic piezoelectric trmS<duc!r. 
When no input voltage is applied to me trai1s
ducer, light travels through the crys.al unde
viated. With an 80 MHz rf signal appkd 110 the 
transducer, the resulting acoustic wa,'!s n.n 1he 
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crystal diffract the light beam by twice the Br2gg 
angle, which is 5.9 mrad for the devices used. It 
is this diffracted beam that is used to obtain 
interference in the interferometer. Turning the 
transducer off turns the AO cell off. These 
acousto-optical devices exhibit a rise and fall 
time of 120 ns when switching a beam of 
0.75 mm diameter. Most of the power (80%) 
goes into the first-order diffracted be2m, which 
leaves the device at an angle of 11.8 mrad to the 
zero-order undiffracted beam, while smaller 
amounts of power are deposi1ed into the higher 
orders. As stated, it is the first-order diffracted 
beams that are reflected off the interferometer 
mirrors and back through the modulators where 
a second diffraction occurs. Only the first-order 
beams are shown in fig. 1 for clarity. The zero
order and higher-order diffacted light is absor
bed by various beam stops. Thus the acousto
optical modulators act to chop the light in the 
interferometer arms Vrith a contr2.st ratio 
adequate to assure that none of the photons 
reaching the film will have passed through an 
"off' shutter. · 

The switched beams from the interferometer 
arms are recombinated in the beam splitter and 

are deposited on a high sp ed photographic 
emulsion. The beam diver-gene of the laser and 
the geometry of the appa;atus are chosen so as 
to result in a 2 mm diameter i age on the film 
with approximately four linear fringes visible in 

The acousto-optical mo:iulat rs a.Ie driven by 
this area. t . 
switched 80 MHz oscillators which are in turn 
gated on and off by the outp ts of a bistable 
multivibrator, or flip-flop, so th!t one modulator 
is on while the other is of. A elav of 150 ns is 
introduced into the gating sign ls applied to the 
rf drivers so that one shu:ter oes not start to 
open until the other has close . thus ensuring 
that at no time are both interferometer anns 
open. The flip-flop is clo,ked y pulses from a 
photomultiplier, which h2ve b en suitably am
plified, shaped and discr'"'11ina ed. The photo
multiplier looks into a sod:um i ide scintillator 
crystal. With a cesium E7 so rce of approxi
mately 30 µCi placed 2 crr, fro the scintillator, 
the pulses which clock the ilip- op have a mean 
repetition rate of 118 kHz. 

With an average photon rate f 4.17 x 104 s- 1 

emerging from the attenmtor, J'here is an aver
age of less than one photon in ~acb arrn of the 

--~ 

Fig. 4. Photograph of the laboratory layout. 
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interferometer during each period for which the 
acousto-op:ic modulator in the arm is open. The 
resulting low intensity image is recorded on 
Kodak 2415 technical pan film hypersensitised in 
forming gcs prior to exposure. A high speed 
Polaroid film has also been used. A photograph 
of the labo~atory setup is shown in fig. 4. 

7. Test runs 

In order to verify that the apparatus properly 
discriminates between the two possible ex
perimental outcomes, test runs were made with 
the logic circuit connected so that both shutters 
would either be on or off to make certain that 
the apparatus could give interference patterns. 
This run gives us a reference interference pattern 
that we can use to judge the results of our 
experimental run. The average shutter rate in 
this case was the same as for the final experimen
tal run. The resulting photograph is shown in 
Fig. 5. 

. 

8. Experimental results and conclusions 

Fig. 6 shows the experimental outcome fo: _; 
photon rate of 4.17 x 10° s- 1

• The figure spe~·' 
for itself. Thee is no interference pattern prest·: 
in the figure. The figure clearly shows the a:-,,. 
ence of the interference fringes predicted by c,_ -
form al ism. 

This absence of interference fringes in ,- , 
experimental run is a result that, although exv:
ted on the basis of commonsense, we ne\'ertr.: · 
Jess interpret as a prima facie case that quant:.:~ 
theory may be violated. The result is importc:· 
because it pro\'ides a starting point for us in o~ -
search for the cause and experimental meani:; 
of state vector collapse. These results are a:S: 
important because they are related to questic:: 
about the Schrodinger paradox. 

We do not yet know just how and where st;:·, 
vector collapse occurs- nor do we know w:-.~
this even means. Our experiment does not so:. c 
or remove the measurement problem. If a:-.:,
thing, it deepens the problem. We must find o~: 

Fig. 5. Test run in which both shullers are either open or closed at the same time to assure a conventional interference patte:s 
Photon rate was 4.17 x 10• s·', less than one photon in each arm of the apparatus at any moment. 

' 
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Fig. 6. Final experimental run. No interference pattern was obtained. This :;gure clearly shows the 1:'-Jsence c: in,::-:"::!~,:~. 

the mechanics of state vector collapse. The pre
sent experiment provides a basic plan for future 
experiments to search out how state vector col
lapse occurs and to give us a clear understanding 
of just what state vector collapse entails. It gives 
us the tool we need to find just where to cut von 
Neumann·s chain. 
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Parapsychological Research: A Tutorial 
Review and Critical Appraisal 

RAY HYMAt'-. 

lm·ited Paper 

Beginning in tre 1850;. some eminent scientists such as Robert 
H2:e. Alfred Rus,.;:I Wa/i,ce, and Sir William Crookes investigated 
the claims of sr:/rituali;: mediums and believed that they had 
de:nonstrated sci2ntific;;ly the existence of psychic phenomena. 
Critics, 1,ithout E~aminirg the e11'dence, dismissed the claims out 
of hand and ch;;·ged th2 offending scientists with gross incom
petence or with fraud. :ncouraged by the work of these early 
psvchical researoers, a group of scholars founded the Society for 
Ps,chical Research in Lendon in 1882. In spite of this beginning, 
psvchical researc remai;ed an amateur and uncoordinated set of 
ac:iviries until th= public.tion of Rhine's Extra-Sensory Perception 
in 1934. The carc-guess.,g experiments featured in Rhine's book 
became the mod;;/ for e:,:Jerimen!al parapsycholog)' for the next 40 
years. Since the 1970s ;:hine's paradigm has been replaced b>' a 
number of reseJrch i:;,ograms such as remote viewing. the 
Canzfield experir:ient. ar.d psychokinetic investigations using Ran
dom Event Gentrators. The present paper examines examples of 
what were considered. i.c their time, the best examples of scientific 
e11'd€!nce for pranorm,i phenomena. Each generation of para
psvchologists ha; set a;ide the work of earlier generations and 
offered up as suf'i'cient s.~ientific evidence the best work of its own 
dw As a result, parap;,chology lacks not only lawful and repli
cable phenomena, but a,so a tradition of cumulative evidence. Two 
systematic evaluations o.-the best contemporary research programs 
in p,rrapsychology revea.'1:d that the experiments departed from the 
minimal standards of adequate randomization of targets, ap
propriate use of statistical inference, and controls against sensory 
leak.age. The his,orical ,:irvey in this paper suggests that the same 
themes and inadequacifs that haunted the very earliest investiga
tions still characterize contemporary parapsychological research. 
Both proponents and critics throughout the 130 years of the con
troversy over psychical research, have deviated greatly from those 
standards of fair-play ard rationality that we would like to believe 
characterizes the best sdentific arguments. Some encouraging signs 
for progress towards resolving some of the issues raised by the 
controversy have recer:tly appeared. The criticism of the para
psychological claims is becoming more informed ,and constructive. 
Many younger paraps)-::ho/ogists have been worf.ing for higher 
standards within their fi::ld. The best lines of systematic research in 
parapsychology are no1 of sufficient quality to be put before the 
scrrJtiny of the rest of tr.e scientific community. However, with the 
recent increase in cor.6tructive criticism and with the growing 
awareness within the p,rapsycho/ogical community that it needs to 
specify minimal standards and set its own house in order, there is 
hope that in the near future either the parapsychologists will fail to 
find evidence for psi er will be ready to challenge the scientific 
community with the sort of evidence that it cannot ignore. 

Manuscript rKeived January 25, 1985; revised August 21, 1985. 
The author i; with the Psychology Department, University of 

Oregon_. Eugen<=, OR 97403, USA. 

INTRCDUCTION 

Robert Jahn, Dean of the School of Engineer1~g .::::-.: 
Applied Science at Prince.on University, can be taken 2,::. 
representative exanple of what happens when an fcnin.;:,.
and e;tablished scientist takes the time to carefully e,am:,,~ 
the evidence for pacanorrnal phenomena. About sev;,:1 ye.:·, 
ago, an underg'rad:.:ate requested him to supervise cier 
vestigation of psyc-,ic phenomena (1). 

Al,hough I had ,o pre·,ious experience, professior.,: o.
pe,sonal, with t·:s subj€ct, for a variety of pedag:· 5ica 
reasons I agreed. a:id toge:her we mapped a tentative ;.:hol
arly path, involvi~~ a lite,ature search, visits to appro:riate 
laboratories and 1:--ofessio:ial meetings. and the design con
struction. and o;::-=ration of simple experiments. My ,itia 
oversight role in this project led to a degree of pe:,on;;· 
involvement wit': it, an:i that to a growing intell=ctua· 
bemusement, to :he extent that by the time this sLder,: 
graduated. I vvas ;iersuaded that this .... was a legitimatf fielc 
for a high techr.,Jlogist lO study and that I would =njo·. 
doing so. 

As a result of h's own survey of the field as wE i as ,. • 
own initial experiments in parapsychology, Jahn cc1clu::-c: 
that [1]: 

once the_ ,1legifr:1ate research and invalid criticisrr, havse 
been set aside, ,he remaining accumulated evider,:e o: 
p,ychic phenomena comprises an array of experiment,! ob,
servations, obtaired unper reasonable protocols in a ,ariet'!· 
of scholarly disciplines, which compound to a philoscohic;.l 
dilemma. On the one hand, effects inexplicable in te::ns oi 
e_,tablished scien:ific theory, yet having numerous C0'.71moe1 
characteristics, a:e frequently and widely observed; en th-e 
other hand, the,e effects have so far proven qualit.tive!~· 
and quantitative~- irreplicable, in the strict scientific ;ense. 
and appear to be sensiti\-e to a variety of psychologic,I and 
environmental factors that are difficult to specify, le, alor.e 
control. 

Jahn, like many of his predecessors who took ;; serio~·: 
look at the evidence for the paranormal, finds the pheno:-:
ena to be erratic, evasive, and ephemeral. Indeed, he admi:c 
that when judged according to strict scientific s:andaro:. 
the evidence for the actual existence of the phenomena c 

not "fully persuasive." But he is intrigued. Like h'.s pred~ 
cessors, he is optimistic that with the right applitation ~r 

technology and scientific ingenuity the phenomera can tr. 
captured and made lawful. 

OOl8·92l9/86/0600-0823SOl.00 0'1986 IEEE 
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This is one of a number of justifiable :eactions one can It is most depressi~g to have to say that :~e ger.2·al situation 
;-... ave as a result of fairlt. examining the me fo~ ,QSJ~hiqk i <1,!;!ar.J.e..c.Q~in~ t· r;;J.aA~AW)..s~~ws to -,e tot"'. very much 
research. ~PP!Wil~~'19'i-iReJli~e29iQ3/~"tft~Rc5nl;d~-RDP9~ai~"""'~ Mbl!H1'r!MYrlt m. fur:~er '-"~'~ h_as been 
, . . J . . . . . . . . done. Perhaps m e has been done rn tt-·,; late;.: :ienod than 

ir1e poss1bil1ty that careful and diligent rnvest1gat1on v.111 in the whole pre, ·ous history of the sLCjecr.. :-...~veriheless, 
bring some lawfulness to this unruly area of inquiry. Jahn's there is still no rel ably repeatable pherx-n1en,o,. no particu-
r:?search into anomalous phenomena ts?gan over seven lar solid-rock posi ive cases. And yet the·;: sti'II :;. cl earl" too 
,ears ago, but it will be several more year; before we know much there for us to dismiss the whole ::usirit><; 
whether it has managed to progress mucl· beyond previous 
,ttempts to bring scientific order into the field. 

During the 130 year history of psychiCJI research many 
ether scholars and scientists initiated inwstigations of psy
chic phenomena with equally high hop::s of taming the 
rhenomena. One was the philosopher He1ry Sidgwick who 
1,:as the first president of the Society of Psychical Research 
Dunded in 1882. According to William Janes, Sidgwick and 
I-is colleagues "hoped that if the mate·ial were treated 
r gorously and, as far as possible, experirrentally, objecti,·e 
t·uth would be elicited, and the subject rescued fro:n 
~::ntimentalism on the one side and dogrntizing ignorance 
en the other. Like all founders, Sidgwick hJped for a certain 
i:romptitude of result; and I heard him sa·,, the year befo:e 
r:is death, that if anyone had told him "' the outset that 
;;fter twenty years he would be in the sarie identical sta:e 
cf doubt and balance that he started wit\ he would ha\'e 
ceemed the prophecy incredible. It api:eared impossible 
11at the amount of handling evidence shcJld bring so little 
f nality of decision" [2]. 

James, who made this observation in :iis last article on 
~·sychical research in 1909, continued as iJllows [2]: 

My own experience has been sirr,ilar to Sidgwick's. For 
twenty-five years I have been in touch with the literature of 
psychical research, and have had acquaint21ce with numer
ous "researchers." I have also spe!'lt a gcod many hours 
(though far fewer than I ought to have spe~t) in witnessing 
(or trying to witness) phenomena. Yet I am theoretically no 
"further" than I was at the beginning; and l confess that at 
times I have been tempted to believe that the Creator has 
eternally intended this department of nature to remain baf
fling, tq prompt our curiosities and hopes 21d suspicions all 
in equal measure, so that, although ghosts 21d clairvoyances, 
and raps and messages from spirits, are ahvays seeming to 
exist and can never be fully explained aw.y, they also can 
never be susceptible of full corrobo:ation. 
The peculiarity of the case is just that there are so many 
sources 0f possible deception in most of 1he observations 
that the·whole lot of them may be worthies;, and yet that in 
comparatively few cases can aught more fatal than this 
vague general possibility of error be pleaded against the 
record. Science, meanwhile needs something more than 
bare possibilities to build upon; so your genuinely scientific 
inquirer-I don't mean your ignoramous "scientist" -has to 
remain unsatisfied. 

Some 67 years after James' final word on the matter, the 
philosopher Antony Flew summed up his 2s· years of inter
est in parapsychology with remarkably similar sentiments 
[3]: 

824 

My long-out-of-print first book was entitled, perhaps too 
rashly, A New Approach to Psychical Resezrch ... . When I 

reviewed the evidential situation at that time it seemed to 
me that there was too much evidence for one to dismiss. 
Honesty required some sort of continuing interest, even if a 
distant interest. On the other hand. it seemed to me then 
that there was no such thing as a reliably repeatable phe
nomenon in the area of parapsychology ar.d that there was 
really almost nothing positive that could be pointed to with 
assurance. The really definite and decisive pieces of work 
seemed to be uniformly negative in their outcome. 

Sidgwick was a sessing the first S~ yea,; of ps)'chical 
research. James wa: evaluating the sam;c peric,: with another 
ten years or so a ed. Flew based t- ; assf 0 ;ment on an 
additional 67 years of inquiry. Yet, all :1ree ::~:ee tha: they 
could detect no pr gress. In each cas~ aft".": :: quarter of a 
century of persona: involvement. the i~ ,est i~;.:or found the 
evidence for the p ranormal just as ir,:on.:::,~·;ive as it had 
been at the beginn ng. James openly onced.;~ that all the 
claimed phenomen might be the res_lt of ;.~If-deception 
or fraud. Yet he, 2 d the other two :hilos:,:hers. cannot 
quite shake the co viction that, desp :e a!; :1is inconclu· 
siveness, "there mi ht be something 1-,ere. · 

Over this same pan of history, t"e cri: :s have con
sistently insisted t at "there is not:- ng fr::re." All the 
alleged phenomena of telepathy, clairvJyanc:: psychokine
sis, levitation, spirit materialization, a~d pc2,onitions can 
be accounted for in terms of frauc se:h·:elusion. and 
simple g1,1llibility. T e proponents hav,: n2,,c:·ally resented 
such dismissals oft eir claims. They ~ave 2·~ued that the 
critics have not fai ly examined the ~-,,ide:--:::. They have 
accused the critics f attacking the w,;ake·s: ::vidence and 
of ignoring the stro ger and better s·-:pon~: evidence in 
favor of the paranor al. 

Unfortunately, as any reading of the hisrn:-, of psychical 
research quickly re, als, the psychica· ~ese;;::hers are cor· 
rect in their apprais I of their critics. -Jo <0f,::n, the major 
critics have attacked strawmen and h2·,2 no, cealt with the 
actual claims and e idence put forth :y fr,e more serious 

. researchers. The fa that most of :1e ,eri:;cism of the 
psychical research h s been irrelevant :;;nd u:-,'air, however, 
does not necessaril mean that the :sychic~l researchers 
have a convincing c se. 

Indeed, the mess ge that we get fr:m Si:::~wick, James, 
Flew, and Jahn is that the evidential b2oe for ;sychic claims 
is very shaky at best. At most, these sc:-:olars, <fter carefully 
weighing .all the evi ence avail.ble tc them. are claiming 
only that they cann t help feeling tha:. desp::e the incon
sistencies and nonla fulness of the d2ta, th2: "there must 
be something there.' 

As will be discuss d later in this p2;:ier, beth the critics 
and the proponents ubscribe to what , refer to as the False 
Dichotomy. When a scientist or schol2r, af.te, investigating 
possible psychic phenomena, concludes th2t the phenom
ena are real, the ass mption is that eit;er !his conclusion is 
justified or he is de inquent in some serious way-being 
either incompetent r subject to sorre p,ath:Jlogy. When 
the critic denies tha the claim is just'fiec:R, the proponent 
feels that his integrit or competence is beir.g challenged. 
And the critic, sharin in this assumpticn, feels that he must 
show that the claima t is incompetent, gullible, or deficient 
in some serious way 4]. 

I consider this a fal e Dichotomy because competent and 
honest investigators can make seriot.-s juidg,mental errors 
when investigating n w phenomena. Com,pe:ence and ex· 
pertise in any given fi Id of endeavor is bot:mced. Cognitive 



psychologists, historians of science, and sociologists of Psychical research became transformed into what is n:" 
knowledge haveAppir®~hr<R~lffl~2'.fflm<ro-/1~: CIAi!M:j~81JOOfflRt'.J'()':ffcjdfiJHrH'Yi }~ifted, aiter the f ·,t 
how thinking is guided by conceptual frameworks and half century of invest1gat1on, tout'fi~ study of extrasensc" 
paradigms within which the thinker operates. Successful perception and psychokinesis in ordinary individuals :iy 
scientific thinking, for example, is not successful because it means of standardized testing material5 and procedure; I 

operates according to abstract, formal rules· of evidence. will examine what was, at the time, considered to be :,e 
Rather, it succeeds because the thinker is guided by the most rigorous and successful application of this form Ji 
often implicit rules and procedures inherent within the parapsychological research-the now notorious invest1~J-
speciic content and practices of the narrow field of special- \ions by Soal on Shackleton and Mrs. Stewan. Again. ·-I? 

ization within which the problem is being pursued. These purpose is not to beat a dead horse but to abstract c ~: 
"hei.;ristics" or guidelines for successful thinking are not principles and issues that still haunt contemporary pi.·J-
foolproof and under changed circumstances they can trap psychologv. 
the thinker into erroneous convictions. In other words, The card-guessing experiments begun by Rhine in ·-e 
com::ietence in a given scholarly or scientific discipline and 1930s established the paradigm which dominated pi.·1-
high intelligence are no barriers to becoming trapped into psychologv for the next 40 years. New technolog~· , ·c 
asse:ting and defending erroneous positions. interest in altered states resulted in departures from Rhir•= s 

In this paper, I agree with Sidgwick, James, Flew, and paradigm beginning about 1970. Experiments with Rand:-, 
Jahn in the most general sense that "something" is indeed Event Generators, Remote Viewing, and the Ganzfeld te:,-
goin5 on. However, I do not see any need to assume that nique ha\e been the strongest contenders for proviC: ·g 
this ··something" has anything to do with the paranormal. parapsychology with its long·sought·for repeatable expc· · 

I t:iink we should not lightly dismiss the fact that for 130 ment. I will argue that a fair and objective assessmeni J: 

years some of our best scholars and scientists have seriously this latest work strongly suggests that, like its predecessus 
carried out psychical research and have become convinced it still does not stand up to critical scrutiny. 
that they have demonstrated the existence of a "psychic 
force" or a supernatural realm occupied by intelligent and 
superior beings. As far as I can tell, these proponents were 
com;:ietent scholars, sane, and highly intelligent. They made 
everv apparent effort to employ what they believed to be 
objective and scientific standards in observing, recording, 
and reporting their findings. 

Yet, as I will argue, contrary to Jahn's assessment, the 
tota· accumulation of 130 year's worth of psychical investi
gation has not produced any consistent evidence for 
paranormality that can withstand acceptable scientific 
scrutiny. What should be interesting for the scientific estab
lishment is not that there is a case to be made for psychic 
phe:iomena, bUt rather that the majority of scientists who 
decided to seriously investigate believed that they had 
made such a case. How can it be that so many outstanding 
scientists, including several Nobel Prize winners, have con
vinced themselves that they have obtained solid, scientific 
evidence for paranormal phenomena? 

If they are wrong, what has made them wrong? Does this 
suggest weaknesses or limitations of scientific method and 
training? And if these investigators have not actually en
countered psychic phenomena, what is it that they have 
discovered? 

I am not sure that I can provide satisfactory answers to 
these questions. But I believe that it will help to look at 
some selected cases in which investigatQrs · believed that 
they had obtained adequate scientific· evidence for the 
n~ality of psychic phenomena. I will start at the beginning 
by describing the sort of evidence that convinced the first 
scientists who took psychical claims seriously. Even some 
contemporary parapsychologists believe these early scien
tists may have been wrong, but their cases are still worth 
examining because in them we will find many of the same 
i.ssues and problems that characterize contemporary para
psychological research. These early psychic investigators 
tested spiritualistic mediums who were noted for their 
ability to produce powerful psychic phenomena such as 
levitations, materializations, and other physical feats. 

SCIENTISTS AND PSYCHICS 

The first major scientist to test experimental!\· a psyc ic 

claim was Michael Faraday in 1853. As will be describec ·, 
more detail in the next section, Faraday concluded that --~ 
phenomena he had investigated, table-turning. had a r,::· 
. mal explanation. Robert Hare, a major American chem is, 2: 
first agreed with Faraday's conclusion. But, then, after ~,:;r
sonal investigations of his own, changed his mind, :,c 
openly supported the claims of spiritualistic mediums ~. 
decade later, Alfred Russel Wallace, the cofounder v,.t~ 
Darwin of the theory of evolution by natural selection, ::1:: 
Sir William Crookes, the discoverer of thallium. astoun:ec 
their scientific colleagues by openly endorsing paranor-.2 
claims. Wallace and Crookes, as had Hare, believed ,-2: 
their own inquiries had established scientific proof to s ~o
port their paranormal claims. 

Hare, Wallace, and Crookes were the first oi a contir .;2 
succession of eminent scientists who ha\'e endo:;e,: 
paranormal claims as a result of their experimental test, o' 
alleged psychics. These scientists have established a tr:di
tion which has played a major role in the de\·elopmen: o: 
psychical research. The first half-century of psychical re
search consisted mainly of testing paranormal claims wi'.hir, 
this tradition. Beginning in the 1930s a second approceh 
experimental investigations according to standard proto:ol, 
and using unselected subjects, became the dominant ap
proach under the name of parapsychology. Today pra
psychology includes both approaches. 

In the first half of the present paper, I will focus on th::: 
first approach. The research of Sir William Crookes wil b': 
used as an example of this approach. In the second ha f o: 
the paper, I will deal with the second approach. Aga :-i, I 

will use the research of a single investigator to bring out th::: 
more general issues and problems with the field of i:.ar~
psychology. In both parts' of the paper I will also br-efl·. 
mention other investigators and lines of research 'N'1icr. 
also bring out the same themes illustrated by the r.or::: 
detailed examples. Finally, I will briefly look at the con-em-
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porary situation in parapsychology to argue that the con- it to move to :he I ft. "But when expectation \,as allowed 
cerns and difficulties th.aLhauo.ted the ea.tli~..irui~~tji;:.a!iQ.f'\A-RDl">e&sftl-»'7 cM'.50~g _',i.y.j~3 i,\,iR~_~irection of the _prob.ible 
still persist. Approved t-or Kelease :.wu.j/U4/1 i5 • (.;I fn8ve·M~r-if'~,'Vr'?i 1ra'f eo'l:i~tMe~and, the table oegan to 

rotate after a iew inutes, although no one o' the sitters 

TABLE· TURNING AND PSYCHICAL RESEARCH 

Modern spiritualism began when unaccountable raps 
were heard in the presence of two teen-age girls, Margaret 
and Kate Fox, in 1B48. By using a code, the girls' mother 
was able iO converse with the raps and conciuded that they 
originated from the spirit of a peddler who had been 
murdered in the very house in which the Fox family then 
lived. Word of this miraculous commur.ication spread 
quickly a:1d soon a variety of means for communicating 
with the unseen spirits via "the spiritual telegraph" were 
developed in the United States and then sp:ead to Europe. 
The individuals through whom the spirits produced their 
phenome:1a and communicated with mort2ls were called 
mediums. The mediums, at first, displayed phenomena such 
as rapping sounds, movements of tables and objects, play
ing of musical instruments by unseen agencies, and the oc
currence of strange lights in the dark. Later, more elaborate 
phenomena were produced such as the levitation of ob
jects or the medium; the disappearance or appearance of 
objects; the materialization of hands, faces, or even of 
complete spirit forms; spirit paintings and photographs; and 
written communications from the spirit wor:d [5), [6]. 

By the early 1850s, table-turning (also cal:ed table-tilting 
or table-rapping) had become the rage both in the United 
States and in Europe. A group of individuals, usually called 
"sitters," would arrange themselves arounj a table with 
their hands resting flat upon the table-to;:>. After an ex
tended period of waiting a rap would be heard or the table 
would tilt up on one leg. Sometimes the table would sway 
and begin moving about the room, dragging the sitters 
along. On some occasions, sitters would .. claim that the 
table actually levitated off the floor under the conditions in 
which all hands were above the table. Reports even cir
culated that sometimes the table levitated when no hands 
were touching it. Table-turning was especially popular be
cause it could occur with or without the presence of an 
acknowledged medium. Any group of individuals could get 
together and attempt to produce the pl'\enomenon in the 
privacy of their own living room. 

Table-turning plays an important role in the history of 
psychical research because it was what first attracted the 
attention of serious scientists to alleged paranormal phe
nomena (6). The phenomenon had become so widespread 
in England by the summer of 1853 that several scientists 
decided to look into it. Although the prevailing explanation 
for the table's movements favored the agency of spirits, 
other explanations at the time were electricity, magnetism, 
"attraction," Reichenbach's Odyllic Force, and the rotation 
of the earth. Electricity, which in the public mind· was then 
considered to be an occult and mystical force, was espe
cially popular. Indeed, many spiritualists probably thought 
that the spirits operated by electricity. 

In June 1853, a committee of four medical men held 
seances to investigate table-turning. They found that the 
table did not move at all when the sitters' attention was 
diverted and they had not formed common expectations 
about how the table should move. In another condition 
they found that the table would not move if half the sitters 
expected itto move to the righ·t and the other half expected 

was conscious of e ercising any effort at all. The ..:ondusion 
formed was that t, e motion was due to musc~lar action, 
rnostly exercised nconsciously" [6]. Other ic,·estigators 
came to simil2, co clusions 

But, by far, ;he ost pubiicized and iniluent.2 i:ive-51,ga-
:ion was that by ngland's most renowned !< e:itr.s: :he 
physicist Micrael araday. Faraday obtained sc.:::>jec:s v. ho 
were "very h.)nor ble" ar.d who were also s:.1ccessiul 
:able-movers" (7). Faraday found that he c0Jld obtain 
movements of the 1table in a given direction v.•::-. jus: one 
subject sitting at his table in the laboratory. H; ;irst t:::sts 
were designec to liminated as explanations v.e:1-kr,own 
;·orces such as mag etism 21d electricity. He d~,ons,:2:ed 
:nat substance; su h as sar.d-paper, millboard ~l·~e. glass, 
moist clay, tin,oil, ardboard, vulcanized rubbe: a1c wood 
did not interfere ith the table-turning. He coJd fir,:i no 
i,aces of electrical r magnetic effects. "No for, of e\peri
ment or mode of bservation that I could de,~;e g2\-e me 
:he slightest irdica ion of any peculiar force. No ?.t1r2ciions, 
or repulsion, .. no anything which could be ·e:enKl to 
other than the m re mechanical pressure e~=:;ec· inad
·.ertently by the tu ner." 

Although F2rada suspected that the sitter -.·.2; ur-:on
;ciously pushing th table ir. the desired directic-. :h2 ,1:ter 
cdamantly insi;ted hat he was not the agency t~: i:,;:ead, 
was pulled in :he xpected direction by some i::ce 1•.:t:iin 
;he table. Faraday reated some ingenious arrar,5e:ner,r; to 
,ee if the sitt;;r's laim was true. He placed fou· or five 
pieces of slippery ardboard, one over the ofre,. or, ;he 
:able top. The piec s were attached to one anoi~.2: by ii:tle 
pellets of a sot ce ent. The lowest piece was 2::achec' to a 
piece of sand,::iape, which rested on the tab'e :op. The 
f:dges of the sheet overlapped slightly, and o~ the under 
,urface, Farad2y dr w a pencil line to indicate t~e ::ios1tion. 
"'ihe table-turner th n placed his hands upon the -.Jpp,2r card 
and waited fo; the table to move in the previo~Si/ ag:eed 
upon· direction (to the left). Faraday then ex:-n:ned ihe 
packet. It was easy to see by displacement of :"e pan.s of 
the line, that :he and had moved further th2, the- 12.ble, 
and that the latter had lagged behind;-that fr2 hand. in 
iact had pushed t e upper card to the left ard that the 
under cards and th table had followed and been dragged 
by it" [7). 

In another arrang ment, Faraday fixed an indicator to two 
boards on the trab!~J to. p such that if the sitter we; pu!IKl by 
the table the indic1tor would slope to the righ: bu, ii the 
sitter pushed the Jtable, the indicator would sioP'= to the 
left. The table mo d as before as long as the sitter could 
not see the indicat r. But as soon as the sitter was ablE to 
watch the indicato , which gave him immedia1e ieedback 
when his hands pu hed in the expected direction. alt move
ments of the table eased. "But the most valual::ie effect of 
this test-apparatus .. is the corrective power i1 possesses 
over the mind of t e table-turner. As soon as the ind<:x is 
placed before the · ost earnest, and they perceive-as in 
my presence they have always done-that it tells truly 
whether they are ressing downwards only or obliquely; 
then all effects of table-turning cease, even 1:iough the 
parties persevere, arnestly desiring motion, till they be
come weary and orn out. No prompting or checking of 
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;he hands is needed-Af~p!RWW FoB<R~e'li§eti!OOID04/18t~aolA>-RDP9Srol(IJl,t89AO~ 00ti)B080"Jc4'/ par;,~ornnal 
because the parties are made conscious of what they are phenomena. 
really doing mechanically, and so are unable unwittingly to Robert Hare, the emir;ent American chemst, be~:in :his 
deceive themselves" [7). inquiry into spiritualistic phenomena in 185: imm"'.:iiat,elv 

Faraday's investigation convinced several scientists that after Faraday's investigition. Alfred Russel ·,·12:112:2, tthe 
table-turning was the result of self-deception resulting from cofou.nder with Darwin .:if the theory of evo:.tion b-· na1u· 
unconscious motor movements guided by expectation. His ral selection, initiated hs investigations in ·x,5. •.1d Sir 
report ,seven credited with dampening the enthusiasm, for William Crookes, the ;:iscoverer of thalliu-c, befm his 
2 few years, for spiritualism in England [6]. But several investigations in 1869. Ai three had already .c•:nieve: repu-
;piritu2l ists and table-turners were not convinced by tations as outstanding s;:'entists before they ;._rpris:•::: th,eir 
faraday's arguments. And this brings up another issue that scientific colieagues w::-i their assertions c r.avi·ss •,vit· 
,:,varia::ily accompanies the controversy over paranormal nessed psychic pheno:-:ena. Their colleag.Es w~··'= dis· 
claims. Whenever a skeptic demonstrates how an- alleged turbed and puzzled by s.:ch assertions from cc.ious·· co,m-
;:isychic phenomenon can be duplicated by mundane means, petent scientists. Their ·eactions, unfortuna:;c y, W:'2 not 
;he cla:mant usually responds, "It's not the same thing!" always rational and ten:ed to make a conLs.n 5 s·Jation 

To r:1any spiritualists and those who had witnessed worse. 
:able·tL.:rning, Faraday's explanation appeared hopelessly in- I believe it is importa-,t to try to underst2·d hov these 
dequate. Professional mediums, for example, while sitting otherwise competent sc:2ntists became conv:-ced t~.,t thiev 
«t the table could provide meaningful answers by means of had acquired evidence sufficient to justify :,e b':·ief in 
;able·ropping to questions that sitters put to their assumed paranormal phenomena The investigations c thes~ scien· 
spirit communicators. In addition, the table often moved in tists can be credited \•.;th the initiation o! :,s·~·ch,:al .re-
" varie:y of ways which seemingly could not be explained search as a field with sci:ntific aspirations. Ar,: r.-.an. oi the 
by simple muscular pressure applied by the sitters. For same issues of scienti:-c justification of c ::;ns ·,er the 
i':xampl:, the table often levitated above the floor with all paranormal that we fird in their work are sti :1 ,-ith us 
,:ie sit:ers' hands resting on the top surface. And some today. 
:eports claimed that the table moved and levitated when Robert Hare was Pro::ssor Emeritus of (h':·-:-::-str, 1t the 
~o human was in contact with it. University of Pennsylva-;a and 72 years of ::~e w~,':n cir-

Faracay's explanation dealt with only one important cause cumstances conspired t: launch him on a n~···· car:·=: as a 
:,i the :able-turning. He did not attempt to account for the psychic investigator in ·353 (8). Hare, the a.:,c,:- c· mor2 
·.arious ways in which the table could be moved and than 150 scientific pape·s, had invented the ::et-h·.·:rog.en 
!aivitated by trickery. Nor did he deal with the problem of bloVv-pipe which was fre predecessor of tc,:.=.•(s -.. <:ldi ng 
tne notorious unreliability oi eyewitness testimony. Nor did torches [9]. According to Asimov, Hare was "c,-e oi :·e few 
he anci his fellow skeptics realize that an abstract,. even if strictly American prod\xts who in those c::·,-s cc,.id b-2 
correct explanation of table-turning was impotent when considered within haili- 5 distance of the g·:at hnpean 
;-;,atched against the personal and powerfully emotional chemists" [10). 
experience of a sitter who has been converted during an Both Hare and his cities took it for g·{11ed :hat a 
;,ctual ;able-turning session. These same limitations on any competent scientist co~-d carry out observ;_: :ins ,·.d ex-
;,ttemp: to "explain away" an alleged paranormal event by periments on a variety o" phenomena and, as ;_ :esu · -:om,= 
;, muncane account continue to provide loopholes whereby to trustworthy and sour,: conclusions. Until ·2 2.nr.:,..:nced 
,:-ie proponent can maintain the reality of a paranormal his conversion to the s_:iritualistic hypothes·s Ha:': s col-
claim. leagues did not doubt r.:s competence as ar :::tser,<:r and 

Two striking illustrations of the power of the experience experimenter. When he announced that he - ad n:r o,nly 
that "it is not the same thing," can be found in the experimentally verified paranormal phenorri::1.a, tu mad 
conversions to spiritualism of the next two major scientists been communicating v/th the spirits of his :epart.,-:: rela-
10 inve-stigate psychic phenomena. Both Robert Hare and tives and also with C-=orge Washington, _-ohn :)uincy 
Alfred Russel Wallace were familiar With Faraday's research Adams, Henry Clay, Be:1jamin Franklin, By::li, an: Isaac 
end explanation when they first investigated spiritualistic Newton, this placed 1is incredulous co: :ague: in a 
phenomena by means of table-turning. And both_ were quandary [8). 
i:nmediated convinced that their personal experiences could For half a century, ,:-;e scientific world · ad a:.:epted 
not be accounted for by Faraday's theory. In these in- Hare's scientific papers and conclusions wi,- respc·:t and 
stances, the forewarning, rather than serving to forearm, admiration. His scientific accomplishments w;cre wi:ely re-
actually disarmed. And this, too, is a recurring theme in the cognized and honored. aut now this respec:;cd feli:w 5ci-
history of psychical research. entist, by using appare:1tly the same obs,;·-.·a::io~.;I and 

experimental skills that had earned him hi5 ·enowi, was 
Sm WtltlAM CROOKES claiming to have demo:1strated the reality cf p,he.-omena 

that scientists felt were just too prepostero.s to te tr1LJe. 
Faraday, the first major scientist to seriously investigate Instead of examining Hare's arguments and ~vi-de,i:e, ihis 

spiritualistic phenomena, concluded that self-deception was colleagues reacted emc;tionally and rejecte: h.is :ondu-
sufficient to explain what he observed. As a result, he sions out of hand. Furthermore, they treated h m as , traiittor 
remained skeptical and· critical of all further claims of to the scientific enterprise and refused to 1ilow ·,im to 
paranormal phenomena. Faraday's scientific colleagues were present his case in the regular scientific forur-,. 
obviously grateful for his investigation and conclusions. But From Hare's perspective this reaction was b·nh ur/air and 
within the next two decades three other major scientists unscientific. His arguments were being rejected .-,ithout 
also investigated paranormal claims and concluded, con- even being given a hearing. In his last few ye.ars he rumed 
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away from his scientific colleagues and confined his social work and devoted his scientific efiorts from 18:'5 onw2:ds 
interactions entirely to his spiritualistic associates. From the to more mainwe m subjects. But he r,2ver gave up his 
perspectiv~a~~ifd=fd8~ ReiJtP.~.isl!ti0003/84113<! 6IA-RDR96QJ)()i1r8:9R80 003:00:0~ieAties wi:, th,e t ield. In his 
denly gone insane or had suffered some other form of final years, he beg n attending seances afain and belie\-ed, 
pathology. Here we see the False Dichotomy in action. And near the end, tha he had finally found proof of sur\·ql 
this same False Dichotomy will be found throughout the when he obtained a spirit photograph of 1is dead wife ['.SJ. 
story of psychical research right up to the present. By today's stJnd rds, the investigations :hat co11e closest 

Alfred Russel Wallace's conversion to spiritualism began to being "scientific" were those that CrJokes carried .:'CJ! 

in the same way that Hare's did-sitting at an animated with the celeb·ate medium Daniel Dun~las Ho-ne. Hc,e 
table during a seance. Wallace's experience, just as Hare's is probably the rn st colorful and enigm2·ic psychic in :.,e 
did, convinced him tha: Faraday's explanation of the table's history of spiritualism [6], [9]. In one se;;ior;1, v.hich t:-:Jk 
antics would not do. Unlike Hare, however, Wallace was place at Croole's home on May 31, 187'. Horre held en 
not 72 and at the end oi his career. Instead he was 42 years accordian (wh:ch ad just been purchased b•y C:ookes ·or 
old and in the middle of a long and productive career. It this occasion) by ne end so that the e1d with the l::,s 
had only been seven years earlier that Wallace had inde- hung d9wn towar s the floor. The accorc an ,was place.:: n 
pendently conceived the theory of evolution by natural a special cage :Jn er the table which jus: allowed Hor-::·s 
selection, the very same theory that Darwin had been hand to be insert d to hold the accordi2n. Hone's o:-~r 
secretly working on for many years [11)-(13). hand was visib'e a ove the table. The ind viduals sitting :n 

Critics have found it easy to dismiss the psychical evi- either side of Ho e could see his hard as. well as :~e 
dence of Hare on the basis of old age and of Wallace on accordian in tr.e \ ire cage. "Very soon t,e acccrdi2n \•.2s 
the assertion that, while he was a great naturalist and seen by those o each side to be mcving about i, a 
observer, he was not an experimenter [11]. Neither criticism somewhat curiJus manner, but no sourd vv-as .1ea~d .. " 
can be applied, however, to William Crookes, who was the After putting the a cordian down, Home ~:eked i: up ag2 n. 
next great scientist to investigate and endorse the reality of This time several notes were heard. C:ootes assist.,t 
paranormal phenomena. Crookes was generally acknowl- crawled under :he able and said that he ,.;,wt.he accord en 
edged, even by many who opposed his psychic beliefs, as expanding and contracting, but Home's h.;.1d "'"'as quite,: II 
one of the preeminent chemists and physicists of his day. [15]. 
Crookes-the discovere: of thallium, inventor of the radi- At the same sess on Crookes reported a- exper,11ent ;-2.t 

ometer, developer of the Crookes tube, pioneer investigator he regarded as ev n "more striking, if ~·Jssible. than :-e 
of radiation effects, anc a contributor to photography and one with the accor ian." A mahogany bo2 ·d, 3 ft :ong, w :1 
other fields-was elected a Fellow of the Royal Society at one end resting o · a table and other enj SU\pported b. a 
age 31, was later knighted, and received just a~out every spring balance, wa~ in a horizontal posit::>n. Ho:-ne, w~ e 
honor available to a scientist of his time. "sitting in a low e· sy-chair" placed the t ps of t-.is fing~:s 

When Crookes began attending seances with Mrs. lightly on the extr me end of the board v,hici;-i v,as rest ~.g 
Marshall (the same medium who helped convert Wallace) on the table. "Al ost immediately the p:Jinter of the bl-
and J. J. Morse in 1869, he was 37 years of age. He biid been ance was seen to descend. After a few seconJs it rc-se 
very upset by the death of his youngest brother and ap- again. This movem nt was repeated seve:al frmes, as ii :,v 

parently believed he had received spirit communications successive waves f the Psychic Force. The erd of ,-e 
from him through the services of these mediums. In July board was obse:ve to oscillate slowly up rnd down dur:-,g 
1870 Crookes announced his intention to conduct a scien- the experiment" [1 ]. 
tific inquiry into spiritualistic phenomena. He wrote, "I To see if were ssible to produce an ehct on :he spri-,g 
·prefer to enter upon the inquiry with no preconceived balance by ordina · pressure, Crookes stood on the ta::.:e 
notions whatever as to what can or cannot be, but with all and pressed one f t on the end of the bu.rd where Ho::-,e 
my senses alert and ready to convey information to the had placed his fin ers. By using the enfre weight of his 
br.ain; believing, as I do, that we have by no means ex- body (140 lb), Cr kes was able to get the ind.ex to regis,;;r 
hausted all human knowledge or fathomed the depths of at most 2 lb. Ho e had apparently achieved a maximum 
all physical forces" [15]. displacement of 6 lb. 

Although most of the scientific community assumed that Because of such results Crookes conclu:led that, "The-se 
Crookes was undertaking the investigation as a skeptic, his experiments appea conclusively to establ sh t.he exister,ce 
biographer wrote, "But it is certain, at all ·events, that when of a new force, in ome unknown manne: connected \\~:h 
in July 1870 Crookes, at the request, it is said of a London the human organi ation which for convenience may ::€ 
daily paper, announced his intention of 'investigating spiri- called the Psychic ' orce" [15]. The skeptics w,ere not co:-,-
tualism, so-called,' he was already much inclined towards vinced. They raise a variety of objections to the expE:i-
spiritualism. What he really intended to do was to furnish, ment measuring t e movement of the board. Crookes 
if possible, a rigid scientific proof of the objectivity and thought some of :J2 criticisms were unfa:r and irrelevant. 
genuineness of the 'physical phenomena of spiritualism,' so But others he felt 1_ere reasonable and could be answered. 
as to convert the scientific world at large and open a new He repeated the~experim. ent with additionali controls. io 
era of human advancement" (16]. avoid direct conta with the board, he alteredl the appara-

Crookes packed almost all his research into psychical tus slightly in a m nner that had previously been used by 
phenomena into the four-year period 1870-1874 [17]. When Robert Hare in so e of his experiments. A bowl of water 
he failed to sway his scientific colleagues-and as a result was placed on the end of the board not ~upprorted by the 
of b;ue, attacks by Ms critks, C,ookes qu;etly d,opped th;, spdng scale. Inside t bowl ol wate, was bwe,ed, "hemi· 
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spherical copper vessel perforated with several holes at the cording the data, and reporting the results. The d ·ficL.ilt,~·; 
bottom." The copper vessel was suspended from a large are compounded further when the observations a·e m,ad= 
iron stand v,hich -ApPf!Q.uedfRortRetease 20081G"4/118: 011At-~OP96UOOIT&SROOOif060'8G00f-E'4materia:;. but cc 
tus. Home placed his fingers lightly in the water in the events involving humaru who have a capacity to 21tici1p2:= 
copper bovvi!. Presumably, this prevented him from having the experimenter's ob{ectives and alter their Jeh..ivicr 
direct contact with the bJard. Yet, under these conditions accordingly. 
Home mamged to cause the other end of the board to I recently discovered that Podmore, back in 19:·2, arnti:-
sway up anc down. ipated most of my reser-1ations about Crookes' e>cerir.7,e-, 

Finally, Home was removed a few feet away from the on the movements of tl-e balance [6]: 
apparatus ar.d his hands and legs were held. Even under 
these condit.ons, Crookes was able to record movements of 
the board, 21though the displacement was less the farther 
Home was f-om the apporatus. In further answer to critics, 
Crookes des:ribes similar experiments carried out success
fully by oth~r researchers including Robert Hare. Crookes 
also got sim lar results us·ng a lady who was not a profes
sional mediLm in place o' Home. 

This serie; of experime1ts is by far the most impressive, 
from a scien:ific viewpoirt. of any that Crookes conducted. 
Indeed, so far as I can tel , although these were among the 
very first serious attempt; by a scientist to test a psychic, 
they have not been exceeded in degree of documentation 
and experim~ntal sophistication during the subsequent 114 
years. This i,-despite the fact that following Crookes' exam
ple, eminen: scientists during almost every decade since 
Crookes' experiments have conducted tests of famous psy
chics. 

The comn-enis in the p-eceding paragraph should not be 
taken as an endorsemen: of Crookes' results. His experi
ments on th::! "Psychic Fcrce" are superior relative to what 
has been ruorted by ot,1er scientists, including contem
porary ones in their tem of psychic superstars. On an 
absolute sea e of judgmert the experiments still leave much 
to be desired. A major poblem is documentation. Crookes 
omits many :letails which. from today's perspective at least, 
seem imponant in assess;ng what might have taken place. 

Respondi n.g to the accL;;ation that his witnesses were not 
reliable, Cro-:>kes wrote, ·· Accustomed as I am to have my 
word believEd without witnesses, this is an argument which 
I cannot cordescend to answer. All who know me and read 
my articles will, I hope, take it for granted that the facts I 
lay before tr.em are corre:t, and that the experiments were 
honestly performed, with the single object of eliciting the 
truth" [15]. 

Here Crookes raises an important issue. When he re
ported finding a green line in a spectrum where one had 
never been reported, an:! followed this up with various 
analyses and controls to support the assertion that he must 
have discovered a new element (thallium), his scientific 
colleagues did not insist that he import skeptical witnesses, 
nor did they question his observations. The· reported ob
servation was made by using standard apparatus and re
cording procedures. The necessary controls and possibilities 
of error in such a conten were well-known to workers in 
the field anrl it could be safely assumed that any trained 
chemist in this situation would behave according to both 
implicit and explicit rules. 

But Crookes and his aitics seriously err when they as
sume that similar confidl!nce and trust can be placed in 
observations made in a field outside the investigator's train
ing and one in which no standardization exists for instru
mentation, making observations, instituting controls, re-

The experiment as it st,nds, e'"en without the modif,:1tio,•, 
introduced later by Mr Croole; in deference to hi, ,c,e~,
tific critics, seems, inde-:d, conjusive against the po,.;,bil,r·, 
of Home's affec1ing thE balanci: by any pressure on tis ec<<C 
of the board. But, testtd by tr-e canon, laid down :,- vie 
Crookes himself at the )Utset cf his imestigations, w, sh;,dl 
find the conditions o· the e,periment defective - or,':' 
important' particular. /,': Croo,es had shown that i: ,s t~''=' 
province of scientific i·.vestig2:ion not merely to as:2rta1;n 
the reality of the alleged mo,ements and measur: the·" 
extent, but to e;tablisr their c..:currence under con:it,ors 
which render fraud irnJossible. In the passage quo·:d c,:-i 
page 183 it is implicit!, recogn:;ed that such conditi,:,1s are 
to be secured by elimi1ating :he necessity for com .1uous 
observation on the pan -Jf the i.,vestigator. The prooi Jf the 
thing done should de~>?nd u~·)n something else tl-.;n the 
mere observation of th" experi'.:1enters. however skil,,d. 
Now in the experimen: quote.:i these conditions W<,·e no; 
fulfilled. On the cont;;ry, we are expressly told 1·at ;,di 
present guarded Homes feet and hands. It is pertir,:nt :•·::> 
point out that a duty i)( whic~ the whole compan, "=•= 
collectively responsible may \Sell at times have bee~ inte,·
mitted. Moreover, Dr. Huggir.; and Mr. Crookes -.id ~o 
watch the balance also, and M· Crookes had to take ,ot;;•; 
Again, the expe:iment described was not the first :i t,,=c 
kind; it occurred in the middle of a long series. It is ~dee·:J 
stated that Home was ,ot familiar with the apparat.s er.-,
ployed. But as similar a:iparatu; had been employee prob· 
ably at previous trials ty Mr. Crookes himself, cert2 -,Iv b,· 
earlier investigators-ar:iongst them Dr. Hare, with ;.·hose 
published writings on $Ji ritualism we cannot assume :-,on-c,e 
was unacquainted-the statement carries little weig't. Fur,
ther, a point of capit,. impor.ance, there had ap~irent'I, 
been many previous tri,ls with various modifications ,:ii 1he 
apparatus and many !.'lures; in Mr. Crookes' own ;.·ore;. 
"the experiments I have tried have been very numero~s. but 
owing to our imperfect knowledge of the conditions "hich 
favour or oppose the :nanif.estations of this force, :o the 
apparently capricious rranner in which it is exerted, rnd ;;o 
the fact that Mr. Home himself is subject to unacco·.ntabile 
ebbs and flows of the force, it has but seldom hap:iened 
that a result obtained on one occasion could be subse
quently confirmed and tested with apparatus special ·1 com
trived for the purpose." 
The real significance of this statement is that Heme-a 
practised conjurer, as we are entitled to assume-w,s in a 
position to dictate the tonditions of the experiment. 3y the 
simple device of doing nothing when the conditiorn werre 
unfavourable he could ensure that the light (gas n the 
present instance) was sJch and so placed, the appamus so 
contrived, and the sitter, so disposed, as to suit his p_rpos-,e, 
and that in the actu,1 experiment the attention :if the 
investigators would necessarily· be concentrated en the 
wrong points. Under such conditions, as ordinary exp!:riencce 
shows, and as the expe-riments described in the last chaptter 
have abundantly demonstrated, five untrained obsen~rs arre 
no match for one cl eve: conjurer. 

Podmore is referring, in the last sentence, to the drarrnat,: 
experiments on eye-witness testimony conductec by S. . 
Davey (18]. Davey had been converted to a ~lief i-, 
spiritualistic phenomena by the slate-writing demornstn
tions of the medium Henry Slade. Subsequentlf, Ol.av€'1 
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accidently discovered that Slade had employed trickery to D1FFICUL TIES IN TESTING ALLEGED ·PSYCHICS 
produce soA\PQf~i§hf'iQr~~J~~M-,2'9iQYiQ~1&t:i1GlA-RDP96-00789R003 00030001-4 
felt he could accomplish all of Slade's feats by trickery and Hare, _Wa!lace. a d Croo~es were the first of many emi-
misdirection. He then conducted his well-rehearsed seance nent sc1ent1sts whp have investigated and endorsed psy-
for several groups of sitters, including many who had wit- c_hics. Their work i~spired many later scient,sts t_o also take 
nessed and testified to the reality of spiritualistic phenom- time away from thfir re~ular scientific activities to investi-
ena. Immediately after each seance, Davey had the sitters gate t_he paranorm I claims of mediums o· self-professed 
write out in detail all that they could remember having ps'.chics_ [4L l:9)-[2 ]. :et, I suspect that ma1y parapsychol-
happened during his seance. The findings were striking and ogists will obiec_t t using the work of these psychic investi-
very disturbing to believers. None of the sitters had sus- gators as part ot a general evaluation and critique of para-
pected Davey of using trickery. Sitters consistently omitted psychology. The objection would be based on two 
crucial details, added others, changed the order of events, arguments. 
and otherwise supplied reports which would make it im- Today, most pa apsychologists would rot include the 
possible for any reader to account for what was described reports of Hare. W llace, and Crookes in treir case for the 
by normal means. reality of psi (the current term to refer to extrasensory 

Podmore has much more to say about this experiment. perception and p ychokinesis). And, secc,ndly, even the 
His reference to "untrained" observers is not meant to reports by more recent scientists on psych cs do not form 
question Crookes' scientific competence. "But his previous part of the prima 'r' database of parapsyc:iology. Instead, 
training did not necessarily render him better qualified to today's parapsych logists want to base their argument on 
deal with problems differing widely from those presented evidence emergin from laboratory experi11ents with un-
in the laboratory. To put it bluntly, if Home was a conjurer, selected subjects a d which use standardized tasks. 
Mr. Crookes was probably in no better position for detect- However, I believe there are good reaso1s for focussing 
ing the sleight-of-hand than any other man his equal in on these early inve,stigators: 
intelligence and native acuteness of sense. Possibly even in 1) At the time 

1

hey were reported, the,e investigations 
a worse position; for it may be argued that his previous were considered o be the strongest e\idence for the 
training would prepare the way for Home's efforts to con· paranormal. From · 850 to 1866 Hare's research constituted 
centrate attention on the mechanical apparatus, and thus practically the entire "scientific" case upo1 which propo-
divert it from the seemingly irrelevant movements by which nents could base t eir claims. From 1870 until the founding 
it may be conjectured the conjurer's end was attained." of the Society of P ychical Research in 1882 it was the work 

Finally, Podmore points out ways in which the report is of Crookes and allace that proponents ;:,ut forth as the 
incomplete. He then speculates about.one possible way best scientific justi ication for their paranmmal claims. 
Home might have tricked Crookes. He desc~ibes a scenario 2) The psychical research of these three eminent scien-
in which Home could have employed a thread which he tists served as th model for all later i:westigations of 
attached to the apparatus, probably the hook of the scale. psychics by scienti ts. Although sometime, the latest tech· 
Some further points could be mentioned such as the fact no logical develop ents are brought into tr,e investigations, 
that Crooke's unpublished notes suggest that the ex"peri- no change in app oach or improvements in methodology 
ment was much more informal and involved many more for such investiga ions has occurred during the 130 years 
distractions than the published version indicates [15). since Hare first r ported his findings [~3]. In terms of 

Crookes held many seances not only with Home but with adequacy of docu entation, for example, it is difficult to 
almost every major spiritualistic medium who was in En- find any improve ent over Crookes' repo:ts on his experi-
gland during the years 1869 through 1875. He reported ments with Hom in the subsequent accounts by such 
having observed a variety of phenomena which he argued psychic investigat rs as Richet, Barrett, Lodge, Lombroso, 
could not have been produced by normal means: move- Zoellner, Eisenbu , Targ, Puthoff, Hastec, and the many 

ment of heavy bodies with contact but without mechanical others. 
exe~ion; raps and other sounds; the alteration of weights of 3) The work of1 this early trio served as an important 
bodies; movement.s of heavy substances at a distance from impetus for the s bsequent founding ol the Society for 
th_e me_dium; the rising of tables and chairs off the ground, Psychical Research in 1882. In his presidential address to the 
without contact of any person; the levitation of human first general meeti g of The Society for Psychical Research 
beings; the appearance of hands, either self-luminous or on July 17, 1882, enry Sidgwick went out of his way to 
visible by ordinary light; direct writing; and· phantom forms acknowledge the importance and evidential value of the 
and faces [18]. His documentation for such phenomena, work of these pio eer researchers (30]: 
however, falls far short of what he has supplied us for the I say that import nt evidence has been accumulated· and 
movements of the balance. here I sho.uld like to answer a criticism that I have pri~ately 

As was the case with Hare and Wallace Crookes was heard which ten s to place the work of our Society in a 
bit_te_rly attatked for his views: The emine~t physiologist, rather invidious ~spect. It is supposed that we throw aside en bloc the resu ts of previous inquiries as untrustworthy. 
W11l1a.m Carpenter, lead the opposition. Carpenter openly and arrogate _10 ? r.selves a superior knowledge of scientific 
questioned Crookes' competence as a scientist, wrongly method or intra s1cally greater trustworthiness-that we 
state~ that Crookes' election to the Royal Society had been hope to be believfd, whatever conclusions we may come to. 
questionable, and made several other unwarranted insults by _the scien_tific yorld, tho.ugh previous i~quirers have been 
[16], [17]. Like Wallace, Crookes tried to get h1's sc1·ent1·t1·c uniformly d1strustied. Certainly I am conscious of making no assumption of thiis kind. I do not presume to suppose that t 
colleagues and critics to witness his experiments with Home could produce ev dence better in quality than much that has 
a_nd other psychics. But none of them accepted his invita- been laid before the world by writers of indubitable scien-
tions. , tific repute-me like Mr. Crook.es, Mr. Wallace, and the 

late Professor de Morgan. But it is clear that from what 1 
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ha\'e defined as the aim of the Society. however good some isfied with all the experiment~, arrangements are mutua11. 
of its evi.dence may t:>e in qualit.y. we requi'.e a grea_t deal incompatible. 

·:~:.~t~\
1

~~ 

1 i~~~ij~,~~-c~JrJir~~fiiM~~Mr47,1 s : CIA-Pl(!ff:'96~0118'9R~3"1 tfflb~diH~a para~ormal powero 
who have looked carefuh.y into the evidence that has been of their subjects conf1dentl'y 1::,:st they liave s1multaneousl, 
irn far obtained, ought to :ie convinced by that evidence; but achieved both goals. A conter.porary version of thi$ the mi: 

t~e educated world, in_clJding many who have gi.ven much has been eloquently put for:1 by a group of scientist~ 
time and thought to th,s ;u?Jecl, are not yet convinced. and including two of Engl.and's c,.:tstanding physicists. in de-
therefore ,,,e want more evidence. 'b' h . · · · h k' · 

Sidgwick makes it clear that he and the other founders of 
the Society ior Psychical Research consider the findings of 
Wallace and Crookes as scientifically sound. Sidgwick has 
no doubt that Wallace's 1nd Crookes' reports should con
vince reasonable membe:; of the scientific community. But 
he pragmatically makes tre distinction between what should 
and what w;'// convince :he critics. "What I mean by suf
ficient evide:1ce is evider,ce that will convince the scientific 
world, and for that we o::iviously require a good deal more 
than we have so far obtained" [30]. In other words, 
Siclgwick does not aspir:> to improve the quality of the 
preceding sc;entific inves:igators. Rather he wants to acquire 
more of the same qualit 1 

4) The investigations of these original psychical research
ers bring out many O'. the same issues of evidence, 
testimony, and proof ti-at still characterize current con
troversies in parapsychology. Unfortunately, not much in 
the way of further clarification or resolution of these issues 
has occurred since their efforts first stimulated the debate. I 
have already mentioned ;orne of these issues in my discus
sions of the individual e2.ses. 

Many of the issues irnolve the problem of competency. 
To what extent, for example, does competency in one 
branch of inquiry transfer, if at all, to a different branch? 
Can a scientist, no rnattH how competent and well-inten
tioned, initiate an inquiry into a previously unstructured 
and unstandardized are2 and single-handedly produce re
sults which bear the sarre scientific status as the results he 
has produced in his orig·nal area of expertise? Elsewhere, I 

have given by reasons f:Jr answering this question in the 
negative [23]. 

One important issue if perhaps worth bringing up at this 
point. The scientists who have defended the trustworthi
ness of their psychical research have typical.iy insisted that 
the observations and e,idence of their reports of psychic 
happenings do not differ in quality from that which char
acterizes their more orthodox investigations. 

Yet, at the same time, these same investigators acknowl
edge an important diffeience between their inquiries into 
physics and biology and their investigations of psychics. 
Hare, Wallace, and Crookes, as well as the later psychical 
researchers insisted that the psychics being .tested must be 
treated with proper respect and concern. for their feelings. If 
the investigator is overly skeptical or otherwise betrays 
distrust of the alleged psychic this could adversely affect 

. the paranormal performance. Thus these scientists try to 
convey the impression that they conduct their tests using 
every precaution against fraud and deception, but at the 
same time making sure not to take any step or include any 
condition that meets with the disapproval of the alleged 
psychic. Skeptics such as myself, who have both experience 
in conducting experiments with humans and have been 
'trained in conjuring, be!ieve this is an impossible task. The 
twin goals of preventing trickery on the part of the alleged 
psychic and of ensuring that this same person will be sat-

sen 1ng t eir experiments on :ne psyc o inet1c powers c 
Uri Geller [31]: 

Wc> have come to reail:e that ,- cer,ain ways the lradn,onal 
ideal of the completel.- im;)er~:nal approach of the natural 
sciences to e,perimertaticn w\l not be adequate in this 
domain. Rather. there is a pe·;ona1 aspect that has to be 
tah.en into account in • wa'.• th,· is somewhat similar to that 
needed in the disciplines of p,,cholog, and medicine. This 
does not mean. of co,Hse. th, is not possible to establish 
facts on which we can count secure!; Rather. it mean; that 
we have to be sensitive and o::,'"rvant. lo discover what is a 
right approach. which will oro:~rly allow for the subjective 
element and vet perm t us ID :raw rel.able inferences. One 
of the first things that reveal> ·seli a> one observes i; that 
psychokinetic phenorr.ena cr,cot in general be produced 
unless all who particip.:ite are:· a relaxed stale. A feeling of 
tension, fear, or hostil i:y on th; oan of any of those present 
generally communicates it.;,eli :J the "hole group. The en
tire process goes most easil" "~en all those present actively 
want things to work ,,,ell. In ,ddition. matters seem to be 
greatly facilitated when the ;:<perimental arrangement is 
aesthetically or imagirativ':'ly 10pe2,ling to the person with 
apparent psychokineti: po·,•.er; 
We have found also trat it is [e'lerally difficult to produce a 
predetermined set of :iher-om"·,a. Although this may ;ome
times be done, what 'iap~·en; s ohen surprising and unex· 
pected. We have observec th,· the attempt to concentrate 
strongly in order to ottain 2 ci~·,irec result (e.g., the bending 
of a piece of metal) tends 10 ,-rerfere with the relaxed state 
of mind needed to p;odu<:e ,.ch phenomena .... Indeed, 
we have sometimes found it ts':ful at this stage to talk of. or 
think about, somethir;g noi c•:-sely related to what i; hap
pening. so as to cecrease :he tendency to excessi\'e 
conscious concentra,ion on the intended aim o: the 
experiment .... 
In the study of psych-'.lkin,etic ;i,henomena, such conditions 
are much more imp:irtant 1· ,m in the natural sciences. 
because the person who prooxes these phenomena is not 
an instrument or a r:iachane. \ny attempt to treat him as 
such will almost certainly leac :o failure. Rather, he must be 
considered to be one of ,he group, actively coopera1ing in 
the experiment, and r.ot a "su:iecr· whose behavior is to be 
observed "from the outside' in as cold and impersonal 
manner as possible .... 
In such research an a:titude c.' muiual trust and confidence 
is needed; we should not t•':at the perso·n with psycho
kinetic powers as an "objec; · to be observed with suspi
cion. Instead, as indicated ear'.er, we have to look on him as 
one who is working with us. G:msider how difficult it would 
be to do a physical experimrnt if each person were con
stantly watching his colleagu~ to be sure that they did not 
trick him. How, then, a,e ""' to avoid the possibility of 
being tricked? It should be p:issible to design experimental 
arrangements that are beyonc any reasonable possibility of 
trickery, and that magicians >1ill generally acknowledge to 
be so. In the first stages of ou- work we did, in fact, present 
Mr. Geller with several sll'Ch ,aangements, but these proved 
to be aesthetically unappeiling to him. From our early 
failures, we learned that Wr. Geller worked best when 
presented with many possibe objects, all together on a 
metal surface; at least on-e of thes.e objects might appeal to 
him sufficiently to stimurate hs energies .... 
Nevertheless. we realize tha·. conditions such as we have 
described in this paper are j~st those in which a conjuring 
trick may easily be carried ou: .. We understand also that we 
are not conjuring experts. so f there should be an intention 
to deceive, we may be as ·eadily fooled as any person. 
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Moreover, there ha; been a great deal of public criticism, in subsequent cases. Both critics and defenders still implicitly 
which thji,,RW,..t)Vijcft::~i;'R_~f~~ ~031~4t1r8s~CIA-RDl?t9.6-dat9J18a:ROQ3, .Q-Qp~ijP1l:l'khotomy. And both the 
gested. l;'o't"'tlf'iis rN,on 1t nas often Deen proposed that a critics and the def. nders in different ways do not emerge 
skilled magician should be present to help to see that there . . . '. ·r h .' d · bl · 
will be no possibili:y of deception. It is in the nature of the as ~at,onal, obJectrve, sc1ent1 1c or ot erwrse a m,ra e ,n 
case, however, that no such assurance can actually be given. their exchanges. \ orse, no lessons from the past seem to 
For a skilled magic,an is able to exploi/ each new situa· have either been learned or carried over to the current 
tion as it arises in • different and generally unpred_icta_ble controversies. If th criticat exchanges had been more con· 
way In princip'c we would welcome help of this kind . . I h · f \V II d · d. · · · · h · ·b·i· f d · It h b struct1v.e and rat1ona at : e trme o Hare, a ace. an 
in ecreas1ng t e ~0ss1 1 1ty o ecept1on. as een our . . . 
observation, however. that magicians are often hostile to the Crookes, today we might oe closer to ~ndersta~d,ng what 
whole purpose of 1~is sort of investigation, so they tend to was really going . n to make such eminent scientists put 
bring about an atnosphere of tensi_on in whi~h. little or forth such seemin ly outrageous claims. 
nothing can be dor~. Indeed, even i.1 so~e magicians who Hare, Wallace, a d Crookes had no success in inducing 
were found who w~re not disposed 1n this way, 1t does not . . . . . 
follow that their 1"stimony will convince those who are their cr1t1cs to co e and examine the evidence for them-
hostile, since the lo:ter can always suppose t,hat new tricks selves. It is possi le tha, if Huxley and Carpenter had 
were involved, beyond the capacity of those particular ma· accepted Wallace's invitation to attend at least six seances. 
gici_ans to see t_hrou5h them. Because of all of t~is, it seen:s no phenomena w uld have taken place. On the other 
unlikely that s1gnrL:ant progress towards clearing up thrs h d -

1 
Id b f I t h th O ts 01• s ch · · II h · an I wou use u o ave e ace un u particular question could be made by actua y av1ng ma- '. . . . . 

gicians present at 1:,e sessions, though we have found it skeptical observers before us if, say, Miss Nichol did pro· 
useful to have thei1 help in a consultative capacity .... We duce the flowers i their presence. And it certainly would 
recognize that ther~ is_~ ?enuine difii~ulty in obta!n!ng an have helped if Car enter a:id Stokes had accepted Crookes' 
adequate answer to critrc1sms concerning the poss1bil1ty of invitation to watc his experiments with .Home and the 
tricks, and that a ce,,ain healthy skepticism or doubt on the 
part of the reader may be appropriate at this point... . balance. 
However, we belir:ve that our approach can adequately 
meet this situation. THE CREERY SISTERS 

These investigators close this discussion of the difficulties 
of carrying out such research with an optimistic prognosis, 
"We feel that if si.11ilar sessions continue to be held, 
instances of this kind might accumulate, and there will be 
no room for reasomble doubt that some new process is 
involved here, which cannot be accounted for, or ex
plained, in terms of :he laws of physics at present known. 
Indeed, we already :eel that we have very nearly reached 
this point." These hopeful words were written in 1975. 
Neither they nor o:her scientists have yet managed to 
present scientific e\idence that Uri Geller or his many 
imitators can bend metal paranormally. Although at least. 
one major physicist continues his investigations of para
normal metal bending [20), a decade of research on Uri 
Geller by scientists who adhered to the advice of treating 
the metal-bender as a respected colleague and catering to 
his aesthetic sensibiiities has only succeeded to demon-

. strate that Geller can bend metal under conditions which 
allow him to do it by cheating (21). 

Hare, Wallace, and Crookes, as well as subsequent psy
chic researchers, insisted they had guarded against the 
possibility of trickery while, at the same time, acknowledg
ing the necessity to treat their subjects in the special way 
described by Hasted et al. Unfortunately, as Hasted et al. 
concede, this special treatment. increases the. difficulties of 
preventing deception. But, like their preaecessors in psychi
cal research, they e)'.press confidence that their scientific 
skills can overcome the difficulty. In fact, the suggested 
procedure gives the alleged psychic veto power over any 
arrangement that impedes trickery and also supplies a ready 
excuse for not producing phenomena when the dangers of 
detection suddenly seem too high. The conditions which 
the scientists report 2s ideal for the production of psychical 
phenomena are just those that are also ideal for the produc
tion of the same phenomena by trickery. 

5) As already discussed, Hare, Wallace, and Crookes were 
bitterly attacked by their skeptical scientific colleagues. And 
the same sorts of attacks and defenses have characterized 

For its first 30 ears, psychical research consisted of 
individual and unc ordin2ted investigations by scholars or 
scientists such as are, Wallace, and Crookes. During this 
period some feebl and u:isuccessful attempts were made 
to form research so ieties and coordinate the research (32]. 
The first successf~I attempt to institutionalize psl'chical 
research was the {ounding of the Society for Psychical 
Research in Londo in 1882. Four of the principal leaders of 
this society-the p. ilosopher Henry Sidgwick, the physicist 
William Barrett, th literary scholar Edmund Gurney, and 
the classicist Fred ric Myers-had been encouraged, in 
addition · to their own investigations of telepathy and 
mediums, by the re earch of such scientists as Wallace and 
Crookes. The foun ers of the Society clearly believed that 
they possessed solid scientific evidence for the reality of 
thought-transferenc . At the first general meeting of the 
Society in London n July 17, 1882, Henry Sidgwick ended 
his presidential add ess with the following words (30): 

We must drive the bjector into the position of being forced 
either to admit th phenomena as inexplicable, at least by 
him, or to accuse t e investigators either of tying or cheating 
or a blindness or f rgetfulness incompatible with any intel
lectual condition xcept absolute idiocy. I am glad to say 
that this result, in my opinion, has been satisfactorily at
tained in the inv stigation of thought-reading. Professor 
Barrett will now br ng before you a report which I hope will 
be only the first of long series of similar reports which may 
have reached the s me point of conclusiveness. 

Before looking at the experimental results whose "con
clusiveness" Sidgwi k believes is beyond reasonable doubt, 
I would like to call he reader's attention to the use of the 
False Dichotomy it Sidgwick's strategy. The goal is to 
report evidence tha is so compelling that the critic either 
has to admit that psychic phenomena have been demon
strated or that the i1vestigator is deliberately lying. afflicted 
with a pathological condition, or incredibly incompetent. 
Sidgwick does not llow for the possibility that an investi
gator could be co petent, honest, sane, and intelligent, 
and still wrongly re rt what he believes to be "conclusive" 
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evidence for the pa;Jnormal. Unfortunately, as seen in the on the piano. She is then recalleJ. and one or more of the 

cases: of Hare, Wa~~fu:d0%cti98~~Jrda§~ t~~i8~Ta5.¢1ff 8 : CIA~~aceteir handsi~Qh1~~ shovulderf; Some: 
ceed1ng the cases, t'fe critics, in respon1:frng to paranornia1 · t' Oigh ~~t;Q~th . h· t 

1
. tl,,h s ague· dabdout. . . . . . . . some ,mes s e moves o e ng , par o e room an oes 

claims, have 1;nphc1t:y accepted the False Dichotomy. When the thing, or something like the :hing. which she has been 
confronted with p,ranormal claims by otherwise com- willed to do. Nothing could at iirst sight look less lile a 
petent invest:,gators, many critics have taken the bait and · pr<?mising starting·point for a new branch of scientific in-
have tried to discre.::it the offending investigator by ques- qu,ry. 
tioning his compet~nce, insinuating fraud, or suggesting 
pathology. 

The "conclJsive" "vidence with which Sidgwick wanted 
to confront tre obje,:tor came from a series of experiments 
on through-t,ansference conducted by his colleagues Wil
liam Barrett, Edmun:: Gurney, and Frederic Myers [33). The 
investigators :ntrodu:ed this series as follows [33): 

In the corrtspondf·ice we have received there were two 
cases whicr seemd, upon inquiry, to te free from any 
prima facie object,)ns, and apparently indicative of true 
thought-reajing. o~e of these cases is gi,en in the Appen
dix ... but a, we ca mot from personal observation testify to 
the conditic.,s undF which the trials were made, we simply 
leave it asi:Je. The other case was that of a family in 
D1crbyshire, with ,,',om we have had the opportunity of 
frequent an:i prolor,5ed trials. 
Our informcnt was •,V. Creery, a clergyman of unblemished 
character, a'.\d who,e integrity indeed has. it so happens, 
been excep:ionally tested. He has a family of five girls, 
ranging now betw€·:n the ages of ten and seventeen, all 
thoroughly ,eatthy as free as possible from morbid or 
hysterical si;-nptom;. and in manner perfectly simple and 
childlike. ne fatfw stated that any one of these children 
(except the ·1ounge,~). as well as a voung servant-girl who 
had lived w,:h the flmily for two years, was frequently able 
to designat;; correc:y, without contact o: sign, a card or 
other object fixed o~ in the child's absence. During the year 
which has e apsed !,nee we first heard of this family, seven 
visits, most I·: of scevc•·al days· duration. have been paid to the 
town wherE they l·1e, by ourselves and several scientific 
friends, and ,on thes~ occasions daily experiments have been 
made. 

The preceding quotation was taken from the "First Re
port on Thought-RE.ading" which was read at the first 
meeting of the Socety. Several more experiments were 
conducted wi:h the ,:reery sisters and the results included 
in the second and third reports [34), [35). Notice the empha
sis placed upon Reve:end Creery's "unblemished character" 
and integrity. Within the Victorian society of Sidgwick and 
his colleagues this ~mphasis on character had a special 
significance. According to Nicol, many flaws in the investi
gative reports of the Society were due to "a double stan
dard of evidence." 

The Society's douti'e standard of evidence arose in the 
following way. The Society's leaders were members of the 
middle and upper rriddle strata of society. When faced with 
the problem of esti11ating the value of evid.ence, they di
vided the world intc, two classes: (a) Members of their own 
class (Ladies and Gentlemen in the Victorian sense) whom 
they tended to ue2: trustingly; (b) Members of the lower 
classes, whcm for t:revity we may call the Peasants: them 
they treated with su1picion (36). 

The experiments v,ith the Creery sisters were all variants 
of the populu Victorian pastime known as the "willing 
game" [37]. 

The game admits ol many variations, but is usually played 
somewhat a; follo ... s. One of the party, generally a lady, 
leaves the room, c!ld the rest determine on something 
which she is able to do on her return-as to take a flower 
from some ~ecified vase, or to strike some specified note 

Barrett, Gurney. and Myers go to great lengths to assure 
their readers that they are aware of the many non
pa;anormal ways in which information from the sende,s 
can be communicated to the percipient. Subtle uncon· 
scious pushes by the "willer," for example, can guide the 
percipient to the correct place. And there is always the 
possibility of secret codes being employed [33). [37). Never
theless, they relate incidents from their own experience 
with the game which they believe cannot be handled by 
such obvious exp!anations. 

In their typical experimental procedure, one child would 
be selected to leave the room. When she was out of the 
room, the remaining participanis would select a playing 
card or write down a number or name. "On re-entering she 
stood-sometimes turned by us with her face to the wall, 
oftener with her eyes directed towards the ground, and 
usually close to us and remote from her family-for a 
period of silence \·arying from a few seconds to a minute, 
till she called out to us some number, card, or whatever it 
might be" [33). Se/ore leaving the room, the child was 
always informed of the general category, such as playir.g 
cards, from which the target itern was to be chosen. 

The authors obviously felt that their knowledge of the 
vc1rious ways that inadvertent and deliberate signaling of 
the percipient could occur somehow made them immune 
from such errors. As an added precaution, however, they 
conducted several trials either in which members of the 
family were absent or in which only the experimenters 
knew the chosen object (unfortunately they do not dis
tinguish among trials on which cinly the experimenters 
were informed of the target but the family was present and 
trials on which only the experimenters were present). The 
investigators claim that keeping the family uninformed did 
not appreciably lower the proportion of above-chance cor
rect guesses. 

The results were quite striking. Looking only at the re
sults of tl;lose trials on which members of the Committee 
al·one knew the card or number selected, the investigators 
summarize their findings as follows [35]: 

260 Experiments made with playing cards; the first responses 
gave 1 quite righ1 in 9 trials; 1.vhereas the responses, if pure 
chance, would b,e 1 quite right in 52 trials. 79 Experiments 
made with numl>ers of two figures.; the first responses gave 1 
quite right in 9 trials; whereas the responses, if pure chance, 
would be 1 quite right in 90 trials. 

The experimenters also summarize the results of the 
much larger number of trials in which the family members 
were not excluded. Two points are worth noting about the 
results repo(ted above. By ordinary statistical criteria the . 
odds against such an outcome being due just to chance are 
enormous. But the calculation of such odds assumes, that in 
the absence of telepathy, we know the expected value and 
distribution of hits. The way exp-erimenters can ensure the 
appropriate conditions for the application of the statistical 
tests is to include careful procedures for randomizing the 
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targets on each trial such that each target has an equal could more directl~revent unwitting bodily cues by ,im-
chance of being seiected and that the selected object on a ply screenin~~0se who know the target. from the percipi-
given trial iA~PE~rfrQrlR@l~c20~/~/~At:. ~A-ROfffl~rQA1t@~iM.YiQ.;3. ~~~Q(Mi:A:iusible (to the invest,ga-
nowhere in the three reports do we find any mention of tor) reasons for dis ounting a possible source of error for 
how the playing card or number \,·as chosen on each trial. actual experiment I controls to guard against the error 
We do not know if the deck wa, shuffled even once. let characterizes psychical research from its inception to the 
alone between trials. The number selection is even more 
disturbing because if, as seems to be the case, a committee 
member simply thought of any tw0 digit number that came 
to mind, we know :hat some numb,,rs are much more likely 
than others. And the same few nur.1bers that are favored by 
the sender are like·y to be those that conse to the mind of 
the percipient. These most probaJle numbers, known as 
'mental habits" in the older_ litera:ure, are called "popula
tion stereotypes" bv Marks and Knimann [25). 

The second peculiarity, which was noted by Coover, is 
that the proportior. of successful rits in these experiments 
seems to be independent of the chance probability [38). 
Thus the hit rate is 1 out 9 trials regardless of whether cards 
or numbers are being guessed. To Coover this suggest the 
use of a code rather than the imperfeo transmission of 
psychic signals. 

As already indicated, the founjers oi the Society for 
Psychical Research believed that. with ihe experimental 
results on the Creery sisters, they 'lad finally succeeded in 
scientifically establishing telepath, as a valid phenomenon. 
As just one example of the importance attached to these 
experiments, Gurney's statement ir the Scciety's first major 
monograph, Phantasms of the Living [39] can be cited: 

I have dwelt at some length on our series o: trials with th~ 
members of the c,eery family, as it :s to those trials that "e 
owe our own conviction of the possibility of genuine 
thought-transferer,ce between persc-ns in a normal state. 

Despite this confidence in the conclusiveness of the 
Creery experiments, critics quickh· pointed out perceived 
flaws [38], [40), [41]. It was chargec that the authors grossly 
underestimated the extent to which sophisticated coding 
could transpire between the girls in the experimental situa
tion. The critics also suggested tha'. the experimenters were 
naive in assuming ihat they could prevent inadvertent cue
ing just by being aware of the possibility. 

Concerning the trials in which only the investigators 
knew the chosen object, the critics complained about inad
equate documentation. The experimenters never state how 
the card or object was chosen; whether the members of the 
family were present during the selection (even though they 
were presumably kept ignorant of the choice); whose deck 
of playing cards was used; and so forth. 

As can be seen, even on this brief account, we encounter 
a number of the issues that characterized. earlier psychical 
research. The investigators assume that to be forewarned is 
to be forearmed. For example, they devote six pages of their 
first report to a discussion of the various types of errors, 
which if not excluded, could invalidate their research [33]. 
The purpose is to assure the reader that because they are 
keenly aware of the possibilities of such errors they could 
not have occurred. As previously mentioned, one way the 
investigators tried to preclude giving the girl any involun
tary muscular cue was simply for the investigator to be 
consciously aware of such a possibility and consciously 
prevent himself from displaying such cues. Not only is such 
a precaution useless [42], but it was unnecessary since one 

present. 
A second theme is that prior experience in investig2:ing 

paranormal claims uto:natically qualifies one as an e,;:iert 
who can be trustscd not to make mistakes or be suscep,;ble 
to trickery in future situ2tions. This theme is closely reL,ted 
to the False Dichot my issue. 

The report on t e Cr2ery sisters also illustrates ano:her 
recurring theme in sychical research-the Patchwork Quilt 
Fallacy. As Giere p int, out, the "patchwork quilt fall2cy" 
gets its name beca se, 'The hypothesis. initial conditions, 
and auxiliary assi;m. tion; are pieced together in such 2 way 
that they logicall·: i pl, the known facts" [43]. Telepath, or 
psi always seems t be just that mysterious phenome1on 
that produced all t e peculiar patterns that we happend to 
observe in our ciat . On some days the Creery sisters ;:,er
formed no bette: t an chance. This variability among days 
became, in the mintll so: the investigators, a property oi the 
phenomenon [35]: 

It may be note:l trat ,'ie power of these children, collH· 
lively or sepa,at ly, g:adually diminished during the;;c 
months, so that at the end of 1882 they could not do, und;c· 
the easiest conditi ·ns. what they could do under the mo;: 
stringent in 18:1. This gradual decline oi power seem;,: 
quite indepenc:i::n of t1e tests applied. and resembled tr,;c 
disappearance of tracsitory pathological condition, beif"5 
the very opposi:e f what might have been expected from e 
growing profici:n · in code-communication. 

The fact that all ged psychics inevitably seem to iose 
their powers undejlr continued investigation has become 
known as the "decline effect," which can occur in a v2:iety 
.of patterns and gui es. Gurney and his colleagues propose 
the decline as additiona! support for the genuineness o: the 
telepathy because t is not what might be expected ii the 
girls were becoming more proficient in using a code. The 
cynic, of course, vi ws :his decline in the just the opposite 
way. Presumably t e investigators are also becoming more 
proficient in know ng what to look for, especially in the 
face of continuin criticism, and, as a result, they have 
made it more diffi ult for the girls to get away with their 
tricks. 

As it turns out he investigators later caught the girls 
cheating. The girls at least on this occasion, had used a 
simple code. This rings up an additional theme in psychi
cal research which e might, for short, label the Problem of 
the Dirty Test Tub . Gurney revealed the deception in a 
brief note which appeared in the Proceedings of the Society 
for Psychical Rese rch in 18M [44]. Hall thinks it is very 
significant that Gu ne/s fellow investigators did not sign 
this revelation [41]. 

In the note, Gur ey reminds his readers "that the earliest 
experiments in T ought-transference described in the 
Society's Proceedi gs were made with some sisters of the 
name of Creery. Th important experiments were, of course, 
those in which the agency' was confined to one or more of 
the investigating ommittee... . But though stress was 
never laid on any rials where a chance of collusion was 
afforded by one· more of the sisters sharing in the 
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'agency,' nevertheless some results contai · 1der such gave her the opponunity. Despite this record oi cheatir 
conditAppro~dirRo.rdRelease OOOGI04/18: etA4'1tIDP96-00i789R00~1~003000$'4 inclL:ding s.Jme ci toda 
therefore, to state that in a series of experim ·vith cards, leaders in the field. have no doubt that on many ott 
recently made at Camb,idge, two of the $ acting as occasions she displayed true paranormal :iowers [19J. ( 
'agent' and 'percipient,' were detected in tr'· ··; a code the contemporary scene. parapsycnologis:s 2:e willing 
of signals; and a third has confessed to a cc •mount of admit that the controversial metal-::>en,der Uri Ce:ler oft 
signalling in the earlier series to which ref, has been cheats, but that, on occasion, he exhi::iits re;;I p~:anom 
made" [44). Gurney then describes both ,isual and powers [45). And parapsychologists blame::: m;:;. r2:her th 
auditory codes used by the girls. He conti .s follows Geller, for the fact that Geller cheated n ".'IY :iresen 
[44] :::>ecause, as they pu: it, I did not i:-ipose ;uff cie..,tly str 

The use of the visual code was very gratuitous 
the sisters, since it had been explained to the 

1•1e part of 
,,,,t we did 

not attach any scientific value to the experin , in which 
they acted as agent and :iercipient in sight oi, 0ther, the 
possibility of success u1der these condition ,v,ng been 
abundantly proved. Th€ object of our experi· ,ts at Cam· 
bridge on this occasion was, if possible, to ,,gthen the 
evidence for Thought-transference (1) when , ,i~mbers of 
the family were aware of the thing to be gu 'd, and (2) 
when the sister acting a; agent was in a differ room from 
the one acting as perci~ient. The experiment. , which the 
codes were used were i-,tended merely as ai ,sement and 
encouragement with a view to increase the ch,•,· s: of success 
in the more difficult one;-which were all cor, 'ele failures. 
The account which was given as to the earlie. ·,:rieriments, 
conducted under similar conditions, is that sig, is were very 
rarely used; and not on specially successful u ,:asions, but 
on occasions of failure. when it was fearec; that visitors 
would be disappointed. But of course the rec. ,11 detection 
must throw discredit or the results of all pre 'OUS trials in 
which one or more of th, sisters shared in the .Jgency. How 
far the proved willingne;s to deceive can be :1"ld to affect 
the experiments on wh.ch we relied, where , .. ollision was 
excluded, must of cour;e depend on the dvgree of strin· 
gency of the precautions taken against trickery of other sorts 
-as to which every reacer will form his own opinion. 

This manner of treating the discovery of cheating il
lustrates a number of interwoven themes. The finding of a 
"dirty test tube" ordinari!y implies that all the results of the 
experiment are brought into question. Gurney argues that 
only those results clearly attached to the "dirty test tube" 
should be discarded. Sir.ce the girls could not have used 
their code, in his judgment, in those trials in which only 
investigators knew the chosen object, those tr1als still retain 
their evidential value. Related to this is what the early 
psychical researchers called the problem of "mixed 
mediumship." Psychics and mediums are under constant 
pressure to produce results, yet they have little direct con
trol over their fickie powers. Therefore, in order not to 
disappoint their followers or from fear of losing the atten
tion that goes with mediumship, they learn to supplement 
their real powers with tricks to simulate the phenomena. 
Still another variant of this exploits the apparent fact that 
many mediums and psychics are apparently' iii a trance or 
altered state when performing. In such a state they are 
highly suggestible and behave in ways expected of them. If 
skeptics are among the onlookers, they will sometimes 
cheat because this is what is expected of them. The onus 
for the consequent cheaiing is by this means placed upon 
the skeptic rather than the cheater. 

The dirty test tube problem has been with psychical 
research from its beginning and, as we will see, is still very 
much a part of the contemporary scene. The medium 
Eusapia Palladino's long career was noteworthy for the 
number of times she was caught cheating. She readily 
acknowledged that she would cheat if the investigators 

gent conditions to prevent him frori c!-:ea: ,'lg [22: 
Despite this attempt to save son·,, o: tr,; e·.icie.,ce frt 

:he Creery experiments, the leader; oi the Socie:. for P 
chical Research quie:ly removed th:: ex per :ne~t :·om th, 
,:,vidential database. But Sir Williar,1 B~rre:: refus::d to 
along with this demoting of the e>:ier me-.t. .:..cording 
Gauld, this inciden: sparked dissension Jetwee.., Barr 
2.nd the other founders [32). 

Barrett had been the iirst to experim'=.,t with <,e~-'= g · s. and 
they were his special proteges... B0rre1· wc-ulc never 
agree that the later and crude chea:ing invl'ido:ed 111 the 
earlier resul:s; he considered that :.is 167: e, ::ier ~en!s, 
together with his e,periments with :he (re"'YS :.ac estab
lished his claim to be the discov~rer of :ho,_igl-:··trans
ference, anc he remained bitter tov,-ards th'c Sic-;:::,. :'<.s for 
the rest of h,s life. -

Not only d:d Barrett continue tc deien::: tr:e e.-ide 
,.-alue of the Creer)· experiments, ::iut sc die lc:er 
;:isychologists. In his classic monog:ap'i o' 1s:; . .; x1 
Sensory Perception, J B. Rhine inclLded tr ; e:~pe· rr 
among the most evidential of the earl,· resear::h. 
whole the early experiments in E.S.=>. were ad.-nir2.::, 
ducted ... as one would expect frcm the array ci 
impressive names connected with :hem. ,:.,e exi::,,r 
·.vith the Creery sisters, for instanc:, wer-: cone.JC 
Professors William Barrett, Henry Sidgw::k 2nc , 
Stewart, by Mrs. Henry Sidgwick, F:ederic 'Ay'::'rs, Ee 
Gurney and Frank Podmore .... In all this .vork fre 
were sufficiently striking to leave nc doub: as w t'ie 
sion of the hypothesis of chance" [!.SJ. 

Despite these attempts to salvage som;;thing :ron 
Creery experiments, I believe it is fair to s2; that toda, 
experiments are not part of the case that parapsycholol. 
would make in support of psi. Indeed, my ~rusal of sev • 
contemporary books and histories of parapsychology 
dicates that the experiments are rarely, if cVer,. mention 

The same fate befell the very ner.t majo: experiment 
telepathy conducted by the same in,.·estigators. In H· 
"Second Report on Thought-Transfe:ence,'' Gurney and 
colleagues describe the first of thei; exper,mental findi 1 

in which two young men, Smith ar,d Bla6.burn, were 
parently able to communicate telepathicaly under cor· 
tions that prevented normal communicati:>n. If anythii 
the investigators placed even more reliarce upon th, 
later experiments than in those with the Creer,.· sisters. 

As was the case with the Creery sisters, 5rnith and Bia 
burn soon lost their powers. Smith was then hired by 
Society to assist in the conduct of several successful h 
pathic experiments. In 1908, Blackburn, thir:king that Sn
was dead, publicly confessed as to how he and Smith r 
tricked the investigators during the exl)ffiments. Sm 
who was very much alive and still employed by the Sod 
denied the charges. In the ensuing debate, the Socie 
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leaders defended Smith. Good accounts of this amazing put under the rub ic of ·extra-sensor-· perception (ES/?). ~P 
incident can be found in (38] and [41). Today, the Smith- became defined as "Knowledge of or response to an ex;,r-
Blackburn EApp~daFm0~8'a'se>~ffl411tf8Qf ~A-RDP916i.Q00!89R001Ji OOOGOO~hended ihrough knovn 
parapsychological case for psi. sensory channels' (48). This included telepaihy, c!;,r-

J. 8. RHINE 

The founding of the Society for Psychical Research in 
1882 was an attempt to organize and professionalize psychi
cal research. Other societies, such as the American Society 
for Psychical Research quickly followed. Journals and pro
ceedings were published and international congresses were 
held. Despite these steps towards institutionalization, psy
chical research continued for the next 50 years to be an 
uncoordinated activity of amateurs. No agreed upon pro
gram or central body of concepts characterized the field. 

During this period, psychic researchers disagreed among 
themselves on issues involving subject matter, method
ology, and theory, On one side were those, perhaps the 
majority, who supported the spiritist hypothesis that psy
chic phenomena reflected the activity of departed spirits or 
superintelligent beings. Opposed to these were psychic 
researchers like Nobel Laureate Charles Richet who 
defended the position that the phenomena could be ex
plained in terms of a "psychic force" without assuming 
survival or spirits [47). 

Another division was between those who felt that psychi
cal research should confine itself to mental phenomena 
such as telepathy, premonitions, and clairvoyance. Op
posed to these were those who felt that the physical 
phenomena such as levitation, materialization, poltergeist 
events, and psychokinesis should be the focus of inquiry. 
The majority of psychical researchers believed in telepathy 
but were dubious about clairvoyance. But a strong minority, 
lead by Richet, believed that clairvoy~nce not only existed 
but was the basic phenomenon underlying telepathy. 

Possibly the most divisive issue of all was the question of 
what sort of a research program was appropriate for psychi
cal investigation. A small, but vocal minority wanted psychi
cal research to become a rigorous experimental science. A 
larger group felt that the natural-historical method was 
more appropriate because so many of the important phe
nomena were spontaneous and not observable in the 

-laboratory. Opposed to both these groups were members 
of the societies who felt that the quantification and rigor of 
the natural sciences were irrelevant to the study of psychi
cal phenomena. 

The event that is credited with providing psychical re
search with a common focus and a coherent research 
program was the publication in 1934 of J. B. Rhine's mon
graph Extra-Sensory Perception [46]. ·Mauskopf and 
McVaugh (47] provide an excellent survey of the period 
from 1915 to 1940, which they treat as the period when 
psychical research made the transition from a pre-paradig
matic to a paradigmatic research program. 

Rhine pulled together the various strar.ds already existing 
in psychical research and coordinated them into a coherent 
program. He also coined the terms "parapsychology" to 
refer to the new experimental science which descended 
from psychical research and "extra-sensory perception" to 
refer to the basic phenomenon which was to be studied. In 
agreement with Richet, and in disagreement with the British 
parapsychologists, Rhine viewed clairvoyance as on the 
same footing with telepathy. Late.r, precognition was also 

voyance, precogn tion, and retrocognition. The p,syc,c 
phenomena r.ot i volving reception of iniormation w;:,e 
included under t e term "psychokinesis'' (PK) whiicr- s 
defined as "T1e i fluence of mind on external object~ Jr 

processes wit1out the mediation of known physical ;:•1-

ergies or forces" [ J Today both ESP and "K are inclu:d 
under the more eneral term "psi" which is "A gJ?n:.· ·1! 
term to identfy a person's extrasensorimo:er co:nmunu
tion with the environment" [48). 

Rhine's 193.! mongraph deals only with clairvovance a-d 
telepathy. In 193 he also began research pro 5rams :n 
precognition and psychokinesis. Apparently, he was -:
luctant to putl iciz these latter programs too soon for i:1r 
of making parapsy hology too controversia'. and ;.1nacce:l
able to mains:rea science [48). He waited unti: 1938 :P.
fore he publis1ed nything on precognition and unt1:I i~3 
for the first reJort on his PK results. 

The major irnov tion introduced by Rhine was ,he use :f 
the five target desi ns: circle, cross, wavy lines, square, a-d 
star. These pattern were printed on cards and the standa·-:1 
ESP deck com:ste of 5 cards of each symbol for a 1012' ;.f 
25 cards. Rhine a so introduced standard procedures ·,,r 
using these ta~get materials. The two most common w;;'.:: 

the Basic Tecf-niq e and the Down Throug:i Technic.ue n 
the Basic Tecr.niq e (B.T.), the deck is shuffled and pla:::d 
face down. the per ipient guesses the value of the top ca-:; 
this is then remo ed and laid aside and the percipi?.-t 
guesses the v2I ue of the second card; the secorsd care s 
then removed and aid on top of the first and the percipi::·~t 
now guesses the hird card; etc. This procedure is ccn
tinued until al: 25 ards have been used. At the er.d of s;,c:-i 
a "run," a check i made to see how many guesses w::re 
hits. If the proced re was supposed to test telepathv t;..1,n 
an agent would lo k at each card at the time the percipi:::-,t 

· was trying to gue s its symbol. If clairvoyance was be,-g 
tested, no one w uld look at each card as it was pla:.;d 
aside. The Dow Through Technique (D.T.) tesd 
clairvoyance by h ving the percipient guess the symb:is 
from top to lx>tto before any of them were remoV'ed -or 
checking 2gainst tJ e call. The D.T. technique is conside~d 
to be superio: mJthodologically in that it better prote::s 
against inadvertenlt sensory cues from the backs of 11e 
cards. 

Extra-Sensory Pe ception attracted the attention of b:,h 
the psychical rese rchers and the skeptics for two reaso-s. 
Rhine's database consisted of 91174 separate trials )r 
guesses ov-er a thr e·year period using a number of nonp-o
fessional individua s as percipients. More important was -:ie 

unprecedented le el of success which he reported. Of ,,e 
85 724 guesses rec rded using the five-symbol ESP dem, 
24364 were "hits.' This was 7219 more hits than the 17'-~5 
that would be exfected just by chance. The odds agai~st 
this being just an accident are calculated as being pra::i
cally infinite. Hiss bjects averaged 7.1 hits per run of 2: as 
against the chance expectation of 5. Although this is on!, 2 
extra hits per 25, s ch consistency over this huge numbe-of 
trials and differen subjects had no precedent in the p-or 
history of psychic I research. 

Rhine's best su ject, Hubert Pearce averaged 8 hits :er 
run over a total of 17 250 guesses. As Rhine notes [46): 
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/I.lost people are more impressed by a spectacular series of renowned began ,;s a direct response to Rhine's mono· 
succ_essivc hits !han..by!_2~er bu~J¥:mul~~~ngi,Q~~rl4/18 : QIA!=R.OP96-00789R003100030001-4 
scoring 25 stra1ght'1\MHfrQM~ a r~~a fg , . V Aiter five years oi heroic research, Soal was sure that he 
presence, and Zirkle's 26 straight hits rn pure telepathy with , . . . 
my assistant, Miss Ownbey, are the best instances of these. had succeeded on,, in demonstra'.mg the laws of chance. _A 
Other subjects have approached these. Linzmayer scored 21 colleague, however. persuaded him to check for a certain 
in 25 clairvoyance, in my presence; Miss Ownbey herself, trend in his data. And this resulted in a new series oi 
unwitnessed. scored 23, pure clairvoyance. Miss Turner's experiments that :.Jr almost 25 vears were hailed as the 
score of 19 in distance P.T. [pure telepathy] work stands out . . · . 
because of the 250 miles between her and the agent. Miss most convincing a-d fraud-proof demonstration of ESP ever 
Bailey scored 19 in P.T. in the same room with the agent, as achieved. Because the experiment and results seemed so 
did also Cooper. The odds against gettin~ one series of 25 impressive, some cities, in a way reminiscent of Carpenter's 
str,,,ght hits by mere chance would be S·

5 which is nearly attacks upon Walle:e and Crookes and within the spirit of 
30C'. qua?rillions-just one score of 25

1 

A small part of our Sidgwick's False D :hotomy, openly accused Soal of fraud 
90 (.(X) trials. . . 

Rhine's work provided the model for most parapsycho
logical work from 1934 to around 1970. Using card-guessing 
with the five ESP symbols, an astonishing variety of ques
tions about ESP were investigated [48]. Because of its huge 
database, its claims to statistical and experimental sophisti· 
cation, and its unprecedented rate of success Rhine's re· 
search gained the attention of scientific and popular audi· 
ences [47]. At iirst scientists were at a loss about how to 
react. Many scientists, as a result of reading Rhine's work, 
were encouraged to try to replicate the results. A few got 
encouraging results, but most failed. 

The first attacks by the critics were aimed at Rhine's 
statistical procedures. As it turned out, some of Rhine's 
statistical procedures were technically incorrect, but, for the 
most part, his results could not be explained away as due to 
i napp~opriate statistical procedures. The critics turned out 
to be wide off the mark in many of their accusations. On the 
whole, however, the statistical debate led to constructive 
developments and improved clarification about the proper 
use of statistical procedures in such experiments [47). 

Having essentially lost the statistical battle, the critics 
then turned to Rhine's experimental controls. Here, he was 
much more vulnerable. And, ironically, it was the British 
psychical research community that had anticipated the 
critics and which provided the sharpest critiques of Rhine's 
methods [47). The British parapsychologists were astonished 
both by Rhine's apparent ease in finding successful percipi
ents as well as his claims that clairvoyance worked as well 
as telepathy. With only a few exceptions, they had found 
only evidence for telepathy. And their experience had con· 
vinced them that telepathic powers were very rare. While 
they welcomed Rhine's contribution, they were quick to 
point out many of its defects, especially Rhine's inadequate 
description of his procedures and the ?eeming casualness 
of his experiments. 

During the 1930s, nevertheless, Rhine's work as reported 
in Extra-Sensory Perception, was hailed by P.arapsycholo
gists as the best scientific case for ESP ever ·put before the 
world. Today, as I understand it, most parapsychologists, 
although they acknowledge its seminal influence on the 
development of the field, dismiss much of Rhine's earlier 
work as nonevidential because of its loose controls, poorly 
made target materials, and inadequate documentation. 

$. G. S0AL 

Rhine's strongest critic among the British parapsycholo· 
gists was the mathematician S. G. Soal. Just prior to the 
appearance of Rhine's monograph, Soal had conducted a 
huge series of card-guessing experiments with only chance 
results. But the experiments for which Soal became most 

on no other basis t~an that his results were too good. Other 
critics attacked hi,. on grounds that were irrelevant. As it 
turns out the critic; were right, but for the wrong reasons 1 

As soon as Soal -eard about Rhine's successful American 
research, he beg2-: an ambitious program to replicate 
Rhine's findings ir England. Soal started late in 1934 and 
continued his exp~·irnents for five years. At the end he had 
accumulated 1282:0 guesses for 160 percipients. This is 
almost 30 percer: more guesses than Rhine had ac
cumulated for his ·934 monograph. Soal was sure that he 
had removed all' ,he flaws and weaknesses that had 
characterized Rhin~·s work. Unfortunately, Soal found that 
this enormous efbrt yielded "little evidence of a direct 
kind that the perSO'"'.S tested, whether considered as individ
uals or in the r.:ss, possessed any faculty for either 
clair,·oyance or tel~Jathy" (quoted in [49]). 

Soal reported th~se results to a stunned p2.rapsychologi· 
cal world in 1940. At the same time another British para· 
psycholgist, What~'v Carington, reported the results of 
telepathy experime~,ts which seemed to show a "displace· 
ment effect." Instead of achieving hits on the target, his 
subjects seemed tJ achieve above chance matches when 
their guesses were matched with either the immediately 
preceding or the r~xt target in the series. Carington asked 
Soal to check his data to see whether he, too, might find 
such a displacement effect [49]. 

Soal was relucta,t to do so. He told Goldney that he 
thought Carington's request was preposterous and he wasn't 
going to waste his time going through his huge batch of 
records. But Carir.gton persisted and Soal finally agreed. 
Soal found, among the records of his 160 percipients, two 
who seemed to show Carington's displacement effect. Al· 
though this finding was published, presumably Soal real
ized that such a po.,t hoc finding had to be replicated [49]. 

Fortunately, one of his two percipients, Basil Shackleton, 
was available for testing during the years 1941 through 
1943. With the coHaboration of K. M. Goldney, 40 sittings 
which yielded a to:al of 11 378 guesses were obtained with 
Shackleton during this difficult period when England was at 
war. As had been the case with the original testing, 
Shackleton's guess<:s were at chance level when compared 
with the actual target, but when compared with the symbol 
coming up immediately after the target (precognitive hit
ting), Shackleton's guesses yielded 2890 successes as com
pared with the 2303 expected by chance. The odds against 
this being a chance occurrence were calculated to be more 
than 1035 to 1 [50). 

In 1945 Soal was able to begin experimenting on the 
second percipient who had displayed the displacement 
effect in the original data, Mrs. Gloria Stewart. He was able 
to accumulate a total of 37100 guesses during 130 separate 
sittings. Unlike Shackleton's or her own previous perfor· 
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mance, her hitting this time was on the actual target rather the scientific comm nity, including the skeotics, ould nc, 
than on theArpt,1~\rffl!t'ftl6tCffi!l&ge~411ffl :SrnA-R[!J?96'-0b7"89~0'l73 00838001~~n:'s severest ~riti,cs_, 1 

managed to acnieve 9410 hits which were 1990 more hits man who had spen many years meticulously conduct1r·~ 
than would be expected by chance. The odds against such enormous card·gues ing experimen:s with only ct-dnce r:c· 
a result were calculated as 1070 to 1 (50). suits, a man who w s by profession a mathematician .. a:-,: 

Soal's stated objective was to make these experiments an experimenter w o had seemingly taken ever, kr.,o\'.-
completely error-free and fraudprooi. The basic procedure, precaution to guard against every loophole and pJss,oili:. 
which was varied slightly on occasion, was as follows. The of error, who sudde ly demonstrated highly succes;ful 1el~-
percipient-Basil Shackleton or Gloria Stewart-sat in one pathic and precognitive results over susta ned PE'iods c 
room monitored by one of the experimenters (EP). In an time with two perci ients. · 
adjoining room, the sender or agent sat at table opposite Whately Caringto , the parapsycl-ologist who ccmi,Ct:': 
the second experimenter (EA). The door between the rooms Soal to re-examine h s seemingly un;uccessiJI resu 1:s. ,,.·ro:c 
was slightly open so that the percipient could hear EA's call (as quoted in [51)): 
as to when to make his or her guess. The percipient, of Mr. Soal is a most r markable man, ··Jr whos;: work ha·.·': 
course, could see neither the agent or EA. A screen, with a the highest possibl admiration. Po;;essed o· a mor~ thj,ci 
small aperture separated the agent and EA. For each block Jobian patience, a d a conscientic,usness, thocour1ne-;s 
of 50 trials EA had before him a list oi randomized numbers which I can only de cribe as almost r:,,thooogical, he w.)ri<.e,::: 

in various branche of the subject for many year; wir:n 
which determined the target for each trial. Each number nothing but a succ ssion of null re;Jlts to ,'low fo: ,t 
could range from 1 to 5. If the target number for the first Hoping to repeat R ine's experiment; in England. he :2st~ci 
trial was, say, 3, EA would hold up a card with the number 3 160 persons. collec ing 128 350 ZenF card g Jesses ;. ngle-
on it so that it could be seen by the agent through the handed, and using the most elabor2:e wecaJtions 2]ains, 
aperture. The agent had lying before him in a row, five every possible sour~e of error ... Ii I had to choos~ orl': 

single investigation on which to pin my whoe faith n th;; 
cards. Each card had a different drawing of an animal on it: reality of paranormrl phenomena, c, with which tc con· 
elephant, giraffe, lion, pelican, and zebra. Before each block vince a hardened s eptic (if this be not a ccntradict•}n "n 
of trials, the agent shuffled the order of the picture cards. If terms), I should un esitatingly choo;.,: this se·ies of e:,peri· 
EA held up a card with 3 on it, the agent would turn up the ments, which is the most cast·iron pi~ce of wJrk I knew. 2.s 

well as having yieldf d the most remz,kable result;. third card and concentrate upon .the animal depicted on it. 
The percipient would then try to guess which animal was Similar sentiment were expres;ed by virtual·, E·\·e· 
being "sent" and write his guess for that trial in the corre- parapsychologist wh commented 01 this v.ork. As ust o:-,~ 

sponding place on the response sheet. After every block of illustration, R. A. Mc onnell (52) ph·ased it as follc.vs: 
50 trials, the agent reshuffled the target cards so that, for As a report to scientists this is the mJst important boJk en 
that block, only the agent knew which animal corre· parapsychology sin e the 1940 pubkation oi Extta·S~nscn· 
sponded with which number. Perception After Si ty Years. If sciertists wil read i, care-

In addition to this rather elaborate arrangement, indepen· fully, the 'ESP contr versy' will be er.jed. 
dent observers were invited to attend many of the sittings. 
Several professors and a member of parliament were among 
the observers. On some blocks of trials, unknown to the 
percipient, the agent did not look at the symbols. This was 
a test for clairvoyance. Other variations were introduced 
from time to time. The experiments with Gloria Stewart, 
while following the same pattern, were admittedly not as 

_carefully controlled. Special precautions were also intro· 
duced to ensure that the prepared target sequences could 
not be known to agent or percipient in advance. And 
careful safeguards were introduced during the recording of 
the results and the matching of the targets against the 
guesses. Duplicates of all records were made and posted 
immediately after each session to a well-known academic. 

Never before had so many safeguards been introduced 
into an ESP experiment. With so many ir:idividuals involved, 
and with prominent observers freely observing, any form of 
either unwitting cueing or deliberate trickery would seem 
to be just about impossible. If fraud of any sort were to be 
suspected, it would seemingly require, under the stated 
conditions, the active collusion of several prominent in· 
dividuals. Beyond these safeguards, Soal randomized his 
targets, instituted sophisticated checks for randomness, and 
used the most appropriate statistical procedures. Despite 
these elaborate precautions, the two subjects managed to 
consistently score above chance over a number of years. 

Soal's findings were hailed as definitive by the para· 
psychological community and were so good that the rest of 

G. R. PRICE'S (RITIQ E 

Ironically, some ritical scientist; did read it carefuli·. 
but, contrary to Mc onnell's progncsis, the controv2rsv d:: 
not end. Indeed, on of the first m~jor revi2ws in a scier · 
tific journal raised the controvers: to new heiEilts. A -

though the Shackl~ton experimen:s had original y bee
reported by Soal an ~oldney in the Proceedings of th-? 
Society for Psychica Research in 19.\3, the scientif c \-.•or\: 
did not become awa e of those experiments until trey we~-= 
reported along wit the later ex;:>eriments witr. Glori, 
Stewart in the 1954 ok Modern frperiments ;n T:elepatr., 
by Soal and Batema [SO]. 

What fueled thelontroversy wa~ an unprecede-:1ted re
view article, nine pa es in length, appearing in Scieice. th'=. 
prestigious journal of the Americ;;n Association for th'= 
Advancement of Sc ence. On August 26, 1955 George F 
Price's article on " ience and the Supernatural" was th'= 
only feature article f~or that issue. Price, who as far as E ca
tell had never befo e written on parapsychology, was de
scrib'ed as being a r search associate in the Depanment c' 
Medicine at the Uni ersity of Minnesota. 

Price began his clntroversial article by stating th.at, "'Be
lievers in psychic ihenomena-s1.Kh as telepatby, clai:· 
voyance, precogniti n, and psychokinesis-appear to ha\"= 
won a decisive vie ory and virtually silenced opposit:ion · 
(53]. Price writes tha such a victory has seemed clo;e io th'= 
past, but always er tics have managed to find fl2v."S. 81..<: 
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Price sees the time at which he is writing as unique because license. Price's positic,-,. of ~ourse. no longer be:ongs tc 
practically no scientAipllJffflfecPFd!-lR.i!ffi!a>s~l!'08iJ:1014rl 8 : Qt'AAA.E>P962007ff9'R:O,ffl<m0300'oi1 .Qf>Sition see mi ngh 
during the preceding 1S years [53]. 1s that no research, no matte: how w::11 done, can conv11nn 

The victory is the result of an impressive amount of careful 
experimentation and intelligent argumentation. The best of 
the card-guessing experiments of Rhine and Saal show enor
mous odds against chance occurrence, while the possibil,;y 
of sensory clues is often eliminated by placing cards a"d 
percipient in separate buildings far apart. Dozens of experi
menters have obtained ;:,ositive results in ESP experimen:s, 
and the mathematical pcocedures have b~en approved ty 
leading statisticians. 

I suspect that most sc,entists who have studied the woe~ 
of Rhine (especially as i: is presented in Exira-Sensory Pe
cepiion After Sixty Years .. and Saal (des~ribed in Maden 
Experiments in Telepath,·), ... have founj it necessary :::> 
accept their findings... Against all this evidence, almost 
the only defense rema>,ing to the skeptical scientist is 
ignorance, ignorance co1cerning the wor', itself and co~
cerning its implications. The typical scien:ist contents hir,,
self with retaining in his :nemory some crit cism that at most 
appi,es to a small fr act on of the publis.'ied studies. Sul 
these findings (which challenge our very concepts of space 
and time) are-if valid-of enormous i:nportance, bo:h 
philosophical!\ and practically, so they ought not to be 
ignored. 

Price then elaborates upon a sugges1ed scheme, using 
redundancy coding, which would make ESP useful, e,·en if 
it is a very weak and erratic form of communication. He 
then presents his version of Hume's argument age.inst 
miracles. He quotes Torr. Paine's more succinct versio,1 of 
the sa_me argument, " ... is it more probable that n2ture 
should go out oi her course, or that a man should tell a iie?" 

To justify using Hume's argument as his only ground; for 
accusing the parapsychologists of cheati:1g, Price first tries 
to show that if ESP were real it would violate a number of 
fundamental principles u:iderlying all the sciences. Some of 
these principles are that the cause must precede the effect, 
signals are attenuated by distance, signals are blocked by 
appropriate shielding, and -so forth. ESP, according to Price, 
if it el<ists, violates all these principles. Then Price puts forth 
reasons why he considers ESP to be a principle of magic 
rather than merely a previously undiscovered new law of 
nature. "The essential characteristic of magic is that phe
nomena occur that can most easily be explained in terms of 
action by invisible intelligent beings ... The essence of 
science is mechanism." 

These lengthy considerations back up Price's solution to 
coping with the challenge of parapsychological claims [53): 

My opinion concerning ihe findings of the parapsychologists 
is that many of them are dependent on clerical and statis
tical errors and unintentional use of sensoiy clues, and that 
all extrachance results not so explicable a:e dependent on 
deliberate fraud or mildly abnormal mental co'nditions. 

Actually, nothing is novel or startling about Price's opin· 
ion. The same opinion, stated in just about the same words, 
probably is held by all skeptics. Price has carried his opin· 
ion beyond skepticism, however. The thrust of his article is 
that the best research in parapsychology as exemplified in 
the work of Rhine and Soal cannot be dismissed on the 
basis of "clerical and statistical error and unintentional use 
of sensory clues." Therefore, he concludes that the results 
of this otherwise exemplary research must be due to fraud. 
He does not feel that he requires any evidence of fraud. 
Hume's argument against miracles gives him sufficient 

him of ESP. 
But Price does not "mt tc go to .:iuite that extreme .. He 

says that he still ca~ be convinc"d provided hat thf 
parapsychologists can ;:.ipph him \\;th just one SL(Cessfu 
outcome from a trul. irau:proof ~xperiment. "Wh2:t i; 
needed is one comple-~:v co·vincinf experiment- ust one 
experiment that does ~ot hue to te accepted si;-1pl·,· or 
the basis of faith in -Jmar. hones·,;. We should requirE 
evidence of such natv:c tha· 1t woL d convince us even i· 
we knew that the chief expe·'imente, was a stage conjure· 
or a confidence man.' 

But does not the S:21 ex:,:rimen: with Shackle:on anc 
Stewart meet this critE<on 7 •,o, say; Price, because he car 
imagine scenarios in .. .,.h,cr cheat 1g could ha,'" taker 
place. Price then pres~-its a ·umbe, of possible \\2)'S 1h2· 

he ieels cheating COL-:;· have occur·2d in the So21 experi
ments [53). 

t do not claim that I k·c·w :.o .. , Saal ceated if he did C'lea:. 
but if I were myself tc ,:tern;::, to dup caie his results. :his i 5 

how I would proceE·: Fi:;· of all. : would seek 2 few 
collaborators, pre/era:,·. peo:ie with good memories The 
more collaborators I r.,::. t71e :asier i: would be to pe·;o;r:-, 
the experiments, but -~e gre;rer wo.id be the risk c' dis
closure. Weighing tr,:se :w: consic:ra,ions togethe·. 1·j 

want four confeder2::s tc :-,itate t·e Shackle:on e,pec.
ments. For imitating ·ce S;e ~art ser :s. I'd probabl., war'. 
three or four-althoL,·, i: is mposs.~le to be certai- be
cause the Stewart sit, -_.:s ~. ,•: not to':en reported in -;;uc:-, 
detail. In recruiting. I ·,·.ould a.:peal nc: to desire for fa-;;e G•' 
material gain but to t~-: nd:>l:st moti,::s, arguing that cnuch 
good to humanity c:cifd re;ult fro:-; 2 small dece:iiion 
designed to strengthec reli5icus belie' 

After providing a sar.plir,g d scen2rios in which chea:ing 
could have occurred, 2 i in·,·o·,ing the collusion of :hree 0° 

more investigators, pnicipa~ts and onlookers, Pr:ce mp
plies some designs o'. wha·, he wc,.ild consider :o b,e 2 

satisfactory test. The kev to ;: I his designs involves a com
mittee. "Let us somev.:-,at ar:itrarily think of a cornmi1tee 
of 12 and design test; such :hat the presence of 2 single 
honest man on the 'j.1ry' wl I ensu:e validity of the test 
even if the other 11 nem~,·s should cooperate in frauc 
either to prove or disp-ove occurrence of psi phenomena.' 

Perhaps if some e:-,terpri,ing group of scientists col
laborated and conduoed an ESP experiment with posi1ive 
results according to o:ie of :>rice's approved designs, the 
outcome might very well cornince him. But I do not think 
it would, nor should ii, convnce the majority of skeptica 1 

scientists. Without goi.1g into all its other faults, a single 
experiment-no mat,er huw elaborate or allegedl, 
fraudproof-is simply a uniiqLe even:. Scientific evidence is 
based on cumulative a'.'ld rep'icable events across laborato
ries and investigators. The rutbish heap of scientific his.or, 
contains many examples of !>eemingly air-tight experiments 
whose results have been di!>carded because later scientists 
could not replicate the resul:s. The experiments on mito· 
genetic radiation would be just one example. No one has 
found fault with the original experiments. But since later 
experimenters could not replicate the results, the origina I 
experiments have been cast aside. Can anyone doubt that 
this would not also happen to a successful, but nonrep
licable, ESP outcome from on~ of Price's "satisfactory tests?" 
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P··ce tells us, "that I myself bel:eved in ESP about ·15 paper ... is, on ne \ h0le. a good event for parapsv~hol,vg, · 

yea·,; ago, aWo~Efior~~ij'aser2mi31ro4/'F8 ~i~A-RDP9a'-<er0789~<ffl3i 0'003000'1lhgetting a lot c insaruc· 
Ye;;·,, but 1 · c'1anged my mind when I b-ecame acquainted tion on paraps,cho op before the scientific co,mLJJnit, 
wit- the argument presented by Da,id Hume in his chapter 
'Of miracles' in An Enquiry Concerning Human Under· 
starding." So Hume supplies him \,ith his escape hatch. 

EU all this seems unnecessarily drJmatic Price has fallen 
intc a particularly stark version of the False Dichotomy. He 
ha, .Jeen forced into the very position that Henry Sidgwick 
wa,:ed for the critics. The best ESP evidence is so good that 
eitr-cr the critic must admit the real ,y of psi or accuse the 
pro:onents of lying and fraud. In failing into this trap, one 
tha·. critics from the days of Hare a:1d Crookes right up to 
the :;resent keep falling into, Price h2s needlessly attributed 
to '.~e Rhine and Saal results a le-,el of evidential value 
wh :h they cannot carry. At the sa:-:1e time. Price has im· 
plie: that he is sufficiently exper: in pa;apsychological 
reseuch that he can infallibly judge when a given outcome 
unc .;estionably supports the conciusions of the experi· 
me~:ers. In fact, I doubt that even the parapsychologists are 
rea:·_, to give such power to a single experiment, even one 
so s~emingly well-conducted as Soa:·s. 

P·'ce writes as if, when confron:ed with experimental 
evic,'once for psi, such as can be obtained by reading Extra· 
Sen:ory Perception After Sixty }'ears or Modern Experiments 
in -=lepathy, he must immediatelv a) find ways to reject 
the 'indings on the basis of possible sensory leakage, statis
tie2 artifacts, or loose experimenta' con:ro 1s; or b) accept 
the :,utcome as proof of psi; or c) 2~cuse the investigators 
of 0 ·wd if he can imagine some scenario, no matter how 
corolex and unlikely, under whicr fraud could have oc
cur:~d. Price just does not understand either parapsycho· 
log;:al research or scientific researc"l in general if he truly 
bel,~ves these are the only alternati\eS open to him. Unfor· 
tumtely, Price is behaving like many of the other out_· 
spo,en critics of psychical research. To Price's credit, he has 
at l;;ast tried to make his basis for action explicit. 

B:,th Rhine and Saal, in their responses to Price's critique, 
eag':rly accepted Price's implicit endorsement of their ex
per -nental procedures. Saal commented that, "It is very 
sigrificant and somewhat comforting to learn that Price 
adr.its that 'most of Seal's work' cannot be accounted for 
by any combination of statistical artifact and sensory 
lea~ge" [54]. Soal also examined in detail Price's various 
pro;;osed schemes for faking the experiments [54]: 

Frice goes to great length in devising variations on this 
t1eme, but they all depend on the Agent being in collusion 
-.,ith the chief Experimenter or with the Percipient. Now 
\Jur of the Agents with whom Mrs. Stewart was highly 
~Jccessful were lecturers of high academic standing at Queen 
/.lary College in the University of London. Two were senior 
1~cturers and the other two were mathematicians who had 
cone distinguished creative work. A fifth Agent who was 
tfilliantly successful over a long period was a senior civil 
Y:rvant, in fact an assistant direct0< of mathematical ex
cmina.tions in the Civil Service. Now is it plausible to sup· 
;ose that I, as chief Experimenter, could persuade any of 
tiiese men to enter into a stupid and pointless collusion to 
t,ke the experiments over a period of years? What had any 
cf them to gain from such deplorable conduct? If I had gone 
\') any of them and suggested (as Price recommends) that in 
i good cause a little deception would do no harm, I know 
;::uite plainly that the result would have been a .first-class 
Kanda! in university circles. 

Rhine found even more solace in Price's attack. "Strange 
though it may seem, the publication of the George Price 

Rhine al,o felt Price' \i\id portrayal of the potent iii im,po:
tance of ESP was v lu.ible. He welcomed Price's -=ffe:::tiv~ 
rebuttal agains: the s:andard criticisms againist :SP. An~ 

Rhine es;:ieciall·; lik d the fact that Price focusse: on th~ 
point that psi was in~ompatible with the mate:alisr;, c 
science [55]: 

[Price] even -,,ore fr 2n any other critical reviewe· g,,~, 
indical!on of ca,·in '"'' the force of the eviden,ce •:r E5." 
When he turn; the -Jibeit a bit too emotional I, -2:·d sa·.·, 
that, 2.ccordir.5 to tr;, current concept of nature. :SP ,, 
impos;ible an:i the e:ye the parapsychologists mus· Jll t~ 
fakers. he at ltast ,ra.,, the issue where it can be s:uare\ 
met. be ans,•,er o tr2 parapsychologist is: "Yes .. ei·,·'"r the 
presen: mech2nisti t""ory of man is wrong-that is ··Jnd.;· 
menta ly inco:,1ple e-o:, of course, the paraps•,ch:,og,s·,; 
are all utterly -nistake· One of these opponents is ~ror.~. 
take it now, i·om he p2ges of Science! This recogr, on ·=.: 
the issJe give; poi t :) the findings of parapsycholc,r- ir, c 
way none can easil r;;;. 

Notice that R:iine ad Price agree on some aspe::s o: th, 
controve:sy. Bo:h R ir2 and Price believe that if t·e dair.,, 
of parapsychology re correct the foundation,s c scien~: 
are seriously threat ned. Rhine welcomes such , des;ru:· 
tion of what he calls materialism. Price seems ,,,illir,g :: 
take the most drast c measures to avoid this ove-hro,·.- :· 
what he calls :he a;ic limiting principles. (,"-Jo: 111 :ia::.· 
psychologists agree wth Rhine that the accepta~,:e c-; p:. 
need be incons:ste t ',•.:th scientific materialism.) = ne ,ss~,: 
involves what i: merr,; ior contemporary scier,ce "J acce:-
the reality of psi. Thi; concerns matters that are :urr:::n:·, 
controversial amon philosophers of science. An: so. it ·, 
probabl: not fruitfu t,:i attempt to deal with ther. her::. 

Rhine and Price lsJ agree that _the standard c:gur.:-,er,~ 
against parapsychol g:cal evidence do not hold u; Acrnr:
ing to reasonable s ientific criteria, the evidence 'or ;:isi ·, 
more than adequat And so it is at this ponnt ·.1at bo:· 
Rhine and Price wr! to have the showdown. hce. a, , 
defende: of the maqerlalistic faith, puts all his mor,:y o,n he 
hope that the paralpsychologists have faked the dat2. h: 

has no evidence tt back this claim. But if he c;.n inve·r 
possible scenarios herebye trickery might have t~en cor
mitted in a given experiment, then he believe, he cc.· 

. under license from David Hume, assume that frwd mL'" 
have taken place. He is not completely dogmatic cDOU< th·,. 
If the p2rapsycholof:1st can come up with positive results ,~ 
at least one experi ent conducted under what ;:,ice co-
siders to be fraud roof conditions, then Price 1as cor
mitted himself to a cept the consequences. 

Many issues are rpised by Price's dramatic confr:nta1ior.,i 
posturing. At this Pfint, I will just mention one. ~rice g0cs 
beyond conventional scientific practice when he f:mpowc, 
a given experimenl with the ability to prove the exislen:2 
of psi. Once we r alize that no experiment by i:self de·;
nitely establishes o disproves a scientific claim, th::n Pric-:; 
extreme remedies to save his image of scienCf: be-cor.F. 
unnecessary. No matter how well-designed and ;eeming·1 
flawless a given ex eriment, there is always the Joss.ibil:-1 
that future consid rations will reveal previously Jnforse'='.1 
loopholes and wea nesses. 

Indeed, a caret I analysis of the Soal ex.peri:nenl wil 
reveal a variety of eaknesses. For example, in spite of 1-e 
number of observ rs and experimenters, Saal a:Wa~ h,d 
control over the repared target sequences or over t"e 
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basic recording. Aji.i.~p,tJ,V S.!:laPSlet~_r,hd St~wart only . little weight in _the face _of _'.he e,·_:ence INe can rarely 
produced successful •rerults ~~rf~cfa/W;l~~~~efiP.~QMe18. CIAf--ROP9~R-'9-1QO.~~'Od~bQfit_~d perhaps So~I 

• • . • <; 
1 

h" . . was a, clever. lt-i;"(uti'r'e"to argue .. :ft ili'e prison cell ,s 
occasion, without informing .oa, 1s co-investigator Mrs. escape-proof when the inma:" ha'5 (,,arlv gone. 
Goldney conducted a sitting v.ith Shackleton. The outcome · 
was unsuccessful. The Arneric2n parapsychologist J. G. Pratt Mark\sick, obviously dism~ved a'. ,aving discovered that 
ran a series of experiments wit1 Mrs. Stewart without Soal's Soal almost certainly faked t- s d-at.; suggests two possibl~ 
presence. No evidence for psi was found. And whereas all explanations for why he mig1t hav:' done so. One o! he: 
Rhine's results showed no difference between telepathic hypotheses made use of tr2 '-'•'e: ·,nown fact that So2: 
and clairvoyance trials, both Shackleton and Mrs. Stewart sometimes did automatic v,riting , a dissociated state 
produced successful results only on telepathic trials. Fur· Markwic'<. suggested the pos;:bili:1\ ·,at Soal may ha,e ha.:: 
therrnore, in spite of the much vaunted measures to guard a split 1)'2rsonality and that :1e ,ch:'1ting was done by h,; 
against sensory leakage, the aCiual experimental setup, when other se:f. 
carefully considered, offered a variety of possibilities fqr Mark wick's second hypoth~sis in.·.:,lved data massage an: 
just such unwitting communication. has more universal psycholo~1cal p :Jsibility (although it ,; 

None of the foregoing cc-nsiderations, in themselves, not necessarily inconsistent with 1-:'· first hypothesis). Sh:' 
account for Soal's findings. Sut they make superflous, I assumes that Soal's enormou; accu- Jlation of negative Es.: 
would argue, the hash assunption that the findings can findings were obtained legit :-natel. She also assumes th2: 
only be explained either by pi or some elaborate form of hi; post hoc finding of con;isten! .: splacement efiects i:-: 
dishonest collusion. the dat2 of Basil Shackletoc an,d : oria Stewart was alsJ 

legitima:e [60]. 

THE DISCREDITING OF SO.AL 

As it turns out, if Soal di:! cheat-and it now seems 
almost certain that he did, J-e almost certainly did so in 
ways not envisaged by either ?rice or Hansel. The scenarios 
generated by these two criks involved collusion among 
several of the principals. Soai'apparently managed the fraud 
entirely on his own, or, at most, with the collusion of one 
oth•cr person. Furthermore, he probably used a variety of 
different ways to accomplish his goals. 

Ii it had not been ior a s:!ries of seemingly fortuitous 
events, Soal's experiment might still occupy the honored 
place in the parapsychologists' exhibits of evidence for psi 
[56}-[60]. The discrediting of Soal's data occurred through a 
number of revelations during the period from 1955 through 
1978. Up until 1978 the accumulation of evidence sug
gested that someth'i'ng was highly suspicious about the 
records in the Shakleton experiments. The case was strong 
enough to discredit Soals' results in the judgment of some 
leading parapsychologists, bc1t many others still defended 
Soal's findings. 

The final blow to the credibility of Soal's results came in 
1978 when Betty Markwick published her article "The 
Soal-Goldney experiments with Basil Shackleton: New evi
dence of data manipulation" [60]. As with the previous 
revelations of peculiarities in the data, Markwick's stunning 
findings arose out of a series of fortuitious incidents. 

The story is much too complicated to relate here. Essen
tially, Markwick had begun a rather elaborate project to 
clear Soal of the accumulating charges that lie had tampered 
wiith the data. Her plan involved searching the records with 
the aid of a computer to find subtle patterns which, if they 
existed, would account for the anomalies found by the 
critics and would vindicate Soal. Markwick did not find 
such patterns. Instead, she discovered previously unnoticed 
patterns that could be accounted for if one assumed that 
Soal had used a sophisticated plan for inserting "hits" into 
the records while he was apparently summarizing and 
checking the results. Reluctantly, she was forced to con
clude that only the hypothesis of deliberate tampering with 
the data could explain her findings [60). 

Havir,5 embarked upon th: Sh.aci '.:ton series, o·ne may 
imagi·,e the scoring rate be-fins 10 ·1de (as ESP scores are 
wont :o do after the initial fl.sh oi ;.ccess). Soal, seeing the 
chance slipping awav of g2 :iing ,: '.:ntific recognition for 
Parap;ychology, a cause in ·,,,hie::. ~= passionately belie,·es. 
succvnbs to the tempt a ti or of ·"ff:: iying" a "temporary" 
deficiency. 

Mark wick's second scene ·io is :·Jnsistent \vith knov. ·, 
patterns in which scientists 1ave :=-:ipered with thei: d2:.; 
(E:1]. (62;. The components cJpe.ar ::, be: 1) the investiga,:: 
believes, on the basis of :xe"'io.s experience, th2.t fre 
p:ienomenon under invesqati,or. s "real"; 2) for sor.,e 
unknown reason his curre-t reselrch fails to reveal t'-,2 
phenomenon; 3) if he reputs rneptive results his reade:s 
might wrongly believe that t1e phe-:omenon does not exist: 
4) as a result, the "truth" and ;:;sumed positive conse
quences of the phenomen:in mi~-:t be lost to humani:,·. 
Given these ingredients, it :akes 2 very small step for he 
investigator to convince hir:-self. th: he is helping both the 
truth and a good cause alorg b)' c-:ctoring his data. 

William James, with refe:ence t: his experiences in psv
chical research, suggested tha~ c'"eating in order to con· 
vince others of the "reality" yow k-ow to be the case might 
be defensible. James discussed th's matter in his last essay 
on psychical research. He referrec to the policy of English 
investigators to consider a mediu-;-i who has been caught 
cheating as one who atw2·1s chem. He indicated that he 
thought this had generally beern 2 wise policy [2]. 

But, however wise as a pol,cy the :.P.R.'s maxim may have 
been, as a test of truth I beEeve it,:. be almost irrelevant. In 
mos: things human the acwsa~ior of deliberate fraud and 
falsehood is grossly superliciaL /.'_.n's character is too so· 
phis:ically mixed for the alt~rnatti\1c of "honest or dishonest" 
to be a sharp one. Scientik men 1';emselves will cheat-at 
public lectures-rather than Uet experiments obey their 
well-known tendency towards ffaih:re. 

James gave two examples of , 1Jch cheating. And then 
revealed the following aboJt hiis own behavior (2]: 

To compare small men vi,th gre.:, I have myself cheated 
shamelessly. In the early days o: the Sanders Theater at 
Harvard, I once had charg1:: of .a ~art on the physiology of 
which Professor Newell Mortin was giving a popular lecture. 

Protestations to the effect that Soal, a respected scientist, This heart, which belonged to .a h:rtle, supported an index· 
would not have cheated in h,is own experiments-and straw which threw a moving shlackm, greatly enlarged, upon 
that anyway the rigorous experimental conditions in the the screen, while the heart putsa,ed. When certain nerves 
Shackleton series precluded fraud-seem to me to carry were stimulated, the lecturer said, the heart would act in 
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certain ways 'iOlm!ntowdrfeect Relea~OO.Oat..oA/!t8 : CIA-IRD1;>i.91i-0G7~9m.803bQaQ99'1rr~ningless and uninter-
far gone and: a'fthough it stopped duly when the nerve of esting, the repetitive guessing over many trials is boring 
arre~t :,vas excited, that was the final end ?fits life's t~ther. and, according to the arapsychologists, contributes to both 
Pres1d1ng over the performance, I was temfed at the fiasco, . . . . · . 
and found myself suddenly acting like one of those military a _lack of mot1vat1on and em~t1onal 1.nv~lvement. which 
geniuses who on the field of battle convert disaster into might be needed for t e effective functioning of psi. 
victory. There was no time for deliberation; so, with my As a result, one bre k with the past is the increased use 
forefinger und7r a pa:t of the straw tha~ cast ~o. sh~dow, I of more complex and eanirigful targets such as reproduc-
found '.11yself 1mpuls1vely _and automatically 1m1tating ~he tions of paintings, trav I slides geographical locations and 
rhythmical movements which my colleague had prophesied . ' . . . ' 
the heart would undergo. r kept the experiment from failing; ernot1onally laden ph tographs. In add1t1on, instead of the 
and not only saved my colleague (and the turtle) from forced-choice procedu, e of the card-guessing, most experi-
humiliation that but fat my presence of mind would have menters allow free-res onding on the part of their percipi· 
been their lot, but r established in the audience the true ents. Percipients are e couraged on a given trial to free-
view of the subject. The lecturer was stating this; and the . . . . ' . ' . 
misconduct of one half-dead specimen of heart ought not to associate and describ , bot,'1 1n words and in drawings, 
destroy the impression of his words. "There is no worse lie whatever comes to mind. Tr:e use of free responses com-
than a truth misunderstood," is a maxim which I have heard plicates enormously th~ problems of scoring and statistical 
ascri~ed _to a former venerated P_resident of Harvard. Th_e analysis. But parapsychblogis:s believe the added complica-
heart s fail~re would_ have been misunderstood by the aud1· tions are a small pri e to ::>ay if the newer procedures 
ence and given the lie to the lecturer. It was hard enough to . : . 
make them understand the subject anyhow; so that even produce better psychic funct;oning. 
now as r write in cool :ilood I am tempted to think that I Along with the free respo:ise designs, parapsychologists 
acted quite correctly. I was acting for the larger truth, at any have renewed their in erest in the possibility that psychic 
rate. h?:vever automatically··· To this day t~e memory of functioning may be nhanced in altered states such as 
that critical emergency has made me feel charitable towards . . . . . 
all mediums who make ph~nomena come in one way when dreaming, h~pnos1s, :d1t2'.1on, se~so~·de~rived states, 
they won't come easily in another. On the principles of the and progressive relax t1on. The basic idea 1s that these 
S.P.R., my conduct on that one occasion ought to discredit altered states greatly r duce or block attention to external 
ev_eryth_ing I ever d~. everyth_ing. for exa,:nple, I may write in se:1sory information \ hile, at the same time, increasing 
this article-a man1fest!v uniust conclusion. attention to internal m ntation. Under such conditions it is 

I wonder if James would have approved of the way hypothesized that the si signal is easier for the percipient 
William Crookes covered up the cheating of the medium to detect because it as less competition from sensory 
Mary Showers in behalf of "the larger truth?" Mary Showers, inputs [64). One survey of 87 experiments in which percipi-
a young medium, conducted at least one joint seance with ents were in an altered state :ound that 56 percent reported 
Florence Cook in Crookes' home. Apparently Crookes had significant hitting of ta gets [SS]. 
several other sittings with Mary. Daniel Home presumably Another departure fr m tre Rhine paradigm was stimu-
heard rumors that Crookes might be having an affair with lated by developments in electronic technology. Psi experi-
the young Mary Showers. Crookes wrote a letter· to Home ments employing Ran om bent Generators began in the 
explaining how the scandal had originated (63). 1970s. Electronic equi ment could be used to generate 

random 'targets as well as au:omatically record the percipi
ent's responses and k ep running tallies of the hits. Al
though such equipmen has been used to test ESP, the most 
widespread use has be n in the study of psychokinesis. In 
such experiments an o erato: or "psychic" attempts to bias 
the output of a rando eve;it generator by mental means 
alone. In 1980, May, Humphrey, and Hubbard found reports 
of 214 such experimerts, "74 of which show statistical 
evid~nce for an anomalous perturbation-a factor of nearly 
seven times chance ex ectation" (66). 

According to Crookes he had obtained a complete conies· 
sion from Mary Showe;; in her own handwriting that her 
phenomena were who:ly dependent upon trickery and the 
ocassional use of an accomplice. Crookes said, however, 
that he had undertaken not to reveal the fact that Mary was 
fraudulent even to her own mother, because of "the very 
great injury which the cause of truth would suffer if so 
impudent a fraud were to be publicly exposed." 

THE POST-RHINE ERA 

Rhine's card-guessing paradigm dominated experimental 
parapsychology from 1934 to at least the 1%0s. Since the 
1%0s card-guessing experiments have played a minor role. 
Contemporary parapsychologists have deviated· from Rhine's 
paradigm in a variety of ways. In Rhine's paradigm both the 
possible targets and the possible responses are severely 
restricted. The targets consist of five, deliberately neutral 
and simple, symbols. And, on each trial, the percipient is 
restricted to calling out the name of one of these possible 
five symbols. From a strictly methodological viewpoint these 
restrictions have several advantages. Most percipients have 
no strong preferences for any of the symbols; randomizing 
of targets is straightforward; scoring of hits and misses is 
unambiguous; and the statistical calculations are fairly 
standard. 

But these same features have been blamed by contem-

A third major depart re h2s been the so-called "Remote 
Viewing" paradigm [2 ), [2~]. (28), (67), (68). The claims 
made for the ability of this procedure to consistently dem
onstrate ESP with a va iety of percipients are perhaps the 
strongest ever put forth by parapsychologists [28). 

Our laboratory experi ents suggest to us that anyone who 
feels comfortable withlhe idea of having paranormal ability 
can have it .... In ou experi-ments, we have never found 
anyone who could no learn to perceive scenes, including 
buildings, roads, and people. even those at great distances 
and blocked from ordi ary perception .... ·we have, as of 
this writing, carried o t successful remote viewing experi· 
ments with about twe ty participants, almost all of whom 
came to us without an prior experience, and in some cases, 
with little interest in p ychic iunctioning. So far, we cannot 
identify a single indiv dual who has not succeeded in a 
remote viewing task to his own satisfaction. 

porary investigators for the lack of impressive findings since In _a more recent ass ssement of remote viewing, Targ 
the spectacular scoring reported by Rhine in 1934 [46). and Harary assert, "In I boratories across this country, and 
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in m.rny other nations Al)lJf~v'ed~reRe:ieasetiOOCU84/18oi:at~F?'9S.001.&~09~0(t)OlOOt)1>,r4dict precisely 
have investigated remote viewing. Twenty-three of these when it is going to occur in our carefully planned and 
investigations have reported successful results and pro- rigorously controlled experiments than we can in everyday 
duc€d statistically significant data, where three would be life psychic experienc~... . Predictable repeatability is 
expe-.:ted" [68]. unattainable because of the nature of the phenomena" [69]. 

A fou1·th emphasis has been the study of personality Pratt argued that parapsychology should give up the 
correlates of the alleged psi ability [4&]. quest for the replicable experiment-an impossible goal in 

In addition to the experimental programs on altered his opinion-and concentrate upon accumulating enough 
state;, random event generators, remote viewing, and per- data on anomalous happenings to convince scientists and 
sona ity correlates contemporary parapsychologists have the public that psi is real. Other parapsychologists, how· 
bee1; actively doing research in other areas. The various ever, realize that scientists are not going to be convinced 
chap:ers in the Handbook of Parapsychology provide a until some semblance of replicability has been achieved. 
gooc idea of the range of topics [48]. The research on The late Gardner Murphy, while noting that replicability 
reinurnation, survival after death, paranormal photography, was not necessary for scientific acceptability in some areas 
psychic metal bending, poltergeist phenomena, hauntings, of science, argued that ior supporting claims for such irra-
and 'aith healing. while admittedly colorful. does not de- tional phenome:ia as p;i, replicability was necessary. And, 
serve the serious attention of scientists-at least not in its speaking as one of the dominant figures in parapsychology 
curre:1t state. I suspect that most serious parapsychologists in 1971, he rriac:e it clear that he felt that parapsychology 
woulj also not want to rest their case on such research. had a long way to go before it achieved replicable results 

Tojay the parapsychologists who want the scientific [70]. 
estatl ishment to take their work seriously do not offer for Perhaps Honorton's position represents the contem-
inspection the evidence that previous generations of psy- porary position of the major parapsychologists [71]: 
chic researchers believed was sufficient-the findings of 
Hare Wallace, Crookes, Gurney, Rhine, or Soal. Nor do 
they offer up the reports on reincara:ion, psychic healing. 
pararormal photography, spoon bending, psychic detec· 
tion, and the related phenomena which so readily appeals 
to the media and the public. Instead, ihey ask us to look at 
the t·ends and patterns which they find in research pro
gram; carried out in a variety of different parapsychological 
labor.1tories. 

Tv,o aspects of this new type of claim are worth noting. 
One is the admission that a single investigation, no matter 
how seemingly rigorous and fraud-proof, cannot be accept
able as scientific evidence. The idea of a single "critical 
experiment" is a myth. The second, and related, aspect is 
that replicability is now accepted as the critical requirement 
for admission into the scientific marketplace. 

Bo:h proponents and critics have previously assumed, 
eithe· tacitly or explicitly, that the outcome of a single 
inves:igation could be critical. Sidgwick believed that the 
resulis of the investigation of the Cree:y sisters were of this 
nature. The evidence was so strong, he argued, that the 
critic; either had to now either accept the reality of telepa
thy or accuse the investigators of fraud [30]. Carpenter, 
rather than withhold judgment until independent investiga
tors had either succeeded or failed in attempts to replicate 
Crook.es' experiments with Home, acted as if he either had 
to agree to Crookes' claim or prove that Cmok~s had been 
duped. Both Price and Hansel insisted that it would be 
sufficient for Rhine and Soal to convince them of ESP if a 
parapsychology could perform successiully a single "fraud
proof' experiment. 

The myth of the single, crucial experiment has resulted in 
needless controversy and has contributed to the False Di
chotomy. Flew is just one who has argued convincingly that 
a single, unreplicated event which allegedly attests to a 
miracle, is simply a historical oddity which cannot be part 
of a scientific argument [3]. 

Apparently not all parapsychologists are convinced that 
the achievement of a repeatable psi experiment is either 
necessary or desirable for the advancement of parapsychol
ogy. The late J. G. Pratt argued that, "Psi is a spontaneous 

Parapsychology will sw1d or fall on its ability to demon· 
strate replicable and conceptually meaningful findings. Fu
ture critics who are int;;rested in the resolution rath;;r than 
the perpetuation of the psi controversy are advised to focus 
their attention on sys1;;matic lines of research which are 
capable of pro:ucing scch findings. 

PSI AND RE?EATA:ILITY 

As the preceding quotation indicates, Honorton believes 
that critics shou 0d focus on "systematic lines of research" 
which apparentlv display replicable and/or "conceptually 
meaningful" findings. And, as we have seen, contemporary 
parapsychologist; have offered us a number of such sys
tematic lines to demonstrate that they have, in fact, already 
achieved the goals of repeatability and conceptual mean
ingfulness. The claims put forth in behalf of the altered 
state, random e\'ent generator, and remote viewing para
digms have already been cited. Similar claims have been 
made for work on correlates of psi such as attitudes and 
personality [72]. 

What can we expect if a critic, in an effort to be open
minded and responsible, accepts the challenge of Honorton 
and his fellow parapsychologists to examine the accu
mulated evidence from one or more of the "systematic 
lines" of inquiry? This challenge opens up a variety of 
possibilities. Which exp'2riments should be included in the 
evaluation? It is impractical to consider all the experiments 
in parapsychology because even in this relatively sparsley 
populated area the number is by now enormous. In just 
considering a subset of experiments in the ESP area, Palmer, 
for example, covered approximately 700 experimental re
ports (72]. Including PK as well as ESP, I would estimate 
that, today, a determined critic, who wants to evaluate 
exhaustively all available experimental reports, might have 
to cope with upwards of 3CXX> experiments. Given my 
recent experience in trying to do justice to just 42 experi
ments on the Ganzfeld psi phenomenon [73], I would 
estimate that it could take a responsible critic over five 
years of almost full-time effort to properly evaluate this 
material. 

Another problem facing both the proponent and critic is, 
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:e.t st_andards ~f sci~ntific a~c~ptability,. but rather, he was ~ar~et, are broug~t ~o the. percipieni. The percipient. thE·· 
assigning flaA'p~rot;ie!trP~r<=R@~~el!003'10fflf8c~~JA-RDPS&a00,71&9R00!3 80013U80'fl.4' close each of the ,ter:-~ 
to have accounted for the results. And, finally, Akers did in the pool are to t e impressions that occurred to him er 
not consider the possibility that combinations of deficien· her during the Ganzfeld session. The most typical scorin~ 
cies, each in themselves being insufficient, might have procedure classifiesithe outcome as a "hit" if the percipie~r 
been more than enough to account for the reported find· correctly judges the actual target as closest to the Ganzfe,: 
ings. 

HYMAN'S (RITIQUE C·F THE GANZFELD EXPERIMENTS 

Although Akers' and my critiques were conducted inde
pendently, and although our samples and procedures dif
fered in many important ways, we came to essentially the 
same conclusion. Ir. spite of claims for both scientific con
firmation of psi and repeatibility within certain systematic 
Jines of research, both Akers and I concluded that the best 
contemporary resea·ch in parapsychology does not survive 
serious and careful scientific scrutiny. Parapsychology is not 
yet ready to bring its case before the general scientific 
public. 

My approach wc.s to look for a research program in 
parapsychology tha: consisted of a series of experiments by 
a variety of investigators and that was considered by para
psychologists as esr;ecially promising. I quickly discovered a 
systematic body of research which many of the leading 
parapsychologists considered to be the most promising one 
on the contemporary scene. This ·research program was 
based on the Ganz:eld/psi paradigm. 

The word "Ganzield" is German for total field. It is used 
to describe a techr.ique in the study of perception which 
creates a visual field with no inhomogeneities. The motiva
tion for creating such a visual field stems from certain 
theoretical predictions of Gestalt psychology. A recently 
developed and simple procedure for creating such a 
Ganzield is to tape halves of ping pong balls over the eyes 
of subjects. A bright light is.Jhen directed to the covered 
eyes. The percipient experiences a visual field with no 
discontinuities and describes the perceptual effect as like 
being in a fog. 

The parapsychologists became interested in the Ganzfeld 
when it was repo:ted that subjects who experience the 
Ganzfeld quickly enter into a pleasant, altered state. They 
adopted it as a quick and easy way to place percipients into 
a state that they felt would be conducive to the reception 
of psi signals. In a typical Ganzfeld/psi experiment, the 
percipient has the pin pong balls taped over his eyes and 
then is placed in a comfortable chair or reclines on a bed. 
In addition to a bright light shining on the halved ping 
pong balls, white noise or the sound of ocean surf is fed 
into the percipient's ears through earphones .. 

After 15 min or so in this situation, the percipient is 
presumed ready to receive the psi signal. An agent, in 
another room or building, is given a target which is ran
domly selected from a small pool, say, of four pictures (the 
pool of pictures has been selected, in turn, by random 
means from a large collection of such pools). The agent 
concentrates or studies the target during a predetermined 
time interval. At the same time the percipient, isolated in a 
relatively sound-proofed chamber, freely describes all the 
associations and impressions that occur to him during the 
sending interval. 

At the end of the session the halved ping pong balls are 
removed. The pool of pictures for that trial, including the 

impressions. 
In the typical exp riment a pool of four target candidat:~ 

is used on each tri I. Over a number of trials, the percip · 
ents would be exp cted to achieve hits on 25 percent :, 
the trials just by chance. If the aciual rate of hitting i' 

significantly above this chance leve:, then it is assume: 
given that proper f xperimental controls have been er·· 
ployed, that ESP ha probably operated. 

Charles Honorto r the parapsycholc3ist who first pu:
lished a Ganzfeld/ si g_xperiment [76] and who also h,:; 
strongly defended the paradigm as "psi conducive." r:· 
sponded to my req est for cooperation by undertaking ·: 
supply me with cories of every relevant report betwee· 
1974-the date of the first published Ganzfeld/psi expe·
ment-and the end of 1981-the year I made the reque, .. 
In January 1982 I re eived a package containing 600 pag:·, 
of reports on the G nzfeld/psi experiment. 

The experiments in the database given to me for e:
amination were ext acted from 34 separate reports writte· 
or published from 1 74 through 1981. By Honorton's courr. 
these 34 reports d scribed 42 separate experiments. C • 
these, he classified 23 as having achieved overall signi'
cance on the prima measure of psi at the 0.05 level. Tt-1', 
successful replicati n rate of 55 percent is consistent wi·:
earlier estimates of uccess for this paradigm which r2ng;:~: 
from 50 to 58 per ent [73). Approximately half of thes': 
experiments had b en published in refereed journals :r 
monographs. The remainder had appeared only as abstrac 
or papers delivere at meetings of the Parapsychologic,1 
Association. The st dies had been authored by 47 differe·r 
investigators, many of them prominent members of h, 
Parpsychological As ociation. 

The details of my analysis and my conclusions have bee•·, 
published in the Jo rnaf of Parapsychology (73). The sar:-,: 
issue of that journa contains Honorton's detailed rebut~,I 
to my critique [77]. ere I will merely supply the barebon':s 
of my critique. 

1) I first examine the claim that the proportion of su:
cessful replications f the Ganzfeld/psi experiment was :.S 
percent. This estilTIJate, it turned out, was based upon 1 

number of questio.1able assumptions. Much ambiguity e:
ists as to what the ulnit of analysis should be. In some case;, 
the individual expe imental conditions within a single cor-
plicated experiment were each counted as separate "expe"
ments." In other c ses, the pooled data over a number :f 
separate experimen al conditions were counted as a singe 
unit. That this can ake a difference is shown by the fa:t 
that when I tried o apply a consistent criterion to t·e 
database for deter ining individual units, I came up witr a 
success rate closer t 30 than to 50 percent. Other consid;;r
ations such as unk own experiments lead me to conclu:e 
that the actual succ ss rate, defining "success" according ·o 
Honorton's criteria , was probably around 30 percent. 

2) But even a su cess rate of 30 percent is impressive if 
the actual rate of s ccess to be expected by chance was t·e 
assumed 5 percent I pointed to a variety of examples n 
which multiple test were applied to the same data in su:h 
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a way as to inflate the actual probability for success just by The problem that both of us face whe,n i-dging :'.e 
chance over the aAppmved.fiGri~leaser200(U04fr18: CIA1.1Rll>P96\.00~t3!f:000l3000.1i.:4:ha, w;; are do '.lg 
number of factors, I estimated that the actual chance level 
could easily be 25 percent or higher. 

3) In addition to analyses that inadvertently inflated the 
significance levels, I noted a number of other departures 
from optimal experimental procedure that could have artifi
cially contributed to the outcomes. These flaws could be 
clustered into three categories: Security, Statistical, and Pro· 
cedural. Security flaws included failure to preclude sensory 
cues as well as loose monitoring of critical aspects in the 
experiment. Statistical flaws consisted of wrong use of 
statistical procedures. Procedural flaws consisted of inade· 
quate randomization of targets, incomplete documentation. 
and possible problems at feedback. \Vhat was both surpris
ing and dismaying to me was that not a single experiment 
in ,he database was free from at least one of these defects. 
These defects were chosen to be those that I assume mos1 
parapsychologists would agree should not be part of a 
well-conducted experiment. 

l) I tried to make it clear that I was nol assuming that 
these flaws were the cause of the observed results. Rather, I 
assumed that the presence of such defects could be taken 
as a symptom that. the experiment had not been conducted 
wi:h adequate care. Indeed, it was clear that at least some 
of the experiments in the database had been intended to 
serve only as pilot or preliminary experiments. Neverthe
less, I did look at the correlation between the three clusters 
and success of the experiment. Although the Security and 
the Statistical clusters did not correlate with outcome, the 
Procedural cluster did correlate with the probability of 
obtaining a significant outcome. Honorton strongly dis
agrees with this conclusion [77). 

As a result of rny detailed examination of the claims for 
the Ganzfeld/psi findings, I concluded my long report as 
follows [73]: 

In conclusion, the current data base has too many problems 
to be seriously put before outsiders as evidence for psi. The 
types of problems exhibited by this data base, however, 
suggest interesting challenges for the parapsychological 
community. I would hope that both parapsychologists and 
critics would wish to have parapsychological experiments 
conducted according to highest standards possible. If one 
goal is to convince the rest of the scientific community that 
the parapsychologists can produce data of the highest qual
ity, then it would be a terrible mistake to employ the current 
Ganzfeld/psi data base for this purpose. Perhaps the Para· 
psychological Association can lead the way by setting down 
guidelines as to what should constitute an adequate con
firmatory experiment. And, then, when a sufficient number 
of studies have accumulated which meet these guidelines, 
they can be presented to the rest of the ·scien!ific commun
ity as an example of what parapsychology·, at its best, can 
achieve. If studies carried out according to these guidelines 
also continue to yield results suggestive of psi, then the 
outside scientific community should be obliged to take 
notice. 

Honorton, · not surprisingly, disagrees with my conclu
sions [77]. After my critique was completed, Honorton car· 
ried out a revised and different analysis of the database. He 
claims his new analysis eliminates my criticisms about in
flated significance levels. Honorton also developed his own 
scale for evaluating the methodological quality of each 
experiment. According to his ratings, there is no correlation 
between quality of the experiment and its outcome. 

this after the iact. Although we agree on se1·:'ral of owr 
ratings, we tend tci disagree in ways which sJgge::t our 
presumed biases. Honorton tends to find more deiects in 
the unsuccessful experiments than I do. On r.he ether hrd. 
I tend to find more defects in the successL1I F:perime-:; 
than Honorton does. In the absence oi do,:.1bl;,·blind ·.;:· 
ings, thi; aspect of ou; disagreement represer1ts 2 stalem2::: 

However, whether one uses Honorto:.'s or 71'.- ratir 5,. 
t_he nur1ber of departures from accepted net",.Jdolog :21 
procedue is unaccep\ably high for this cataoas:: Althoc.~:. 
Honortc·n and I disagree on whether the obsc··ved fl2 .·. s 
weaken the case for psi, we do not disag~ee ,ha· the\ e) ;: 
So far 2s I can tell, no parapsychologis: h2s !=•'Jvided 2, 

explana:ion of why almost all of the e,pe,im;:1ts in :- s 
databas~ have at least one of these flaws 

(ONCLLSIONS 

With ,he exception of the contemporc.")' pr2:sycholc{· 
cal liteuture, the evidence for psi reviewed in :his p2:er 
comes from investiga1ions which today's pa.--ap;: ,cholog ;:s 
would not put before us as part of their strc,ng;,st case ':x 
psi. Ma1y of these parapsychologists m;ght be eve I 1·.as 
being u1fair in dwelling upon these castoff, fro, the p2;:. 
But it i1 just this fact that the cases I rave ex,-nined 2·e 
now ca;toffs which brings up importar,: c•-1es'. )ns ab:~: 
how to approach the contemporary evidence. 

Each 'Jf the cases from the past which I :.ave discus,::d 
were, in their own time, considered to be b-. the p2·2-
psychologists of that day examples of scier,tifiu.11\-soL,d 
evidence for psi. It is only subsequent gene:.aticns. for :-,e 
most part, who have set the preceding exer-ipl2.·s aside. in 
some nses the reaso~s for the abandonment o' what \•. 2s 
once a foundation stone in the case for ps: are cl;;2~. 

Subsequent investigators or critics found pr£>vi:usly ur ·e· 
cognize:! defects in the studies or strong su,,:iicions of 
fraud had been generated. Other experime;-1t2' paradig-,s 
have disappeared from the database for le5'5 o:vious r::2· 
sons. 

Some previously successful paradigms ha,,,e c:sappea:ed 
because they no longer seem to yield signific::nt resu·,s. 
Others such as the sheep-goats design seem to rave sim;:,iy 
gone out of fashion. One major parapsychologis: once told 
me that it seems to be the ultimate fate of e·ver, success:ul 
paradigm to eventually lose its ability to yii£>1d significant 
results. He believed this was related to thF.> fa.:t that ::isi 
depends both upon the novelty of the desig1 and 1.1e 
motivations of the experimenter. At first a nev, paradigm 
generates excitement and optimism. But aft-er i: has been 
around for a while, the initial excitement a,nd enthusia;m 
abates and the experimenter no longer commu1icates the 
original emotions that accompanied the paradir11 when it 
was still relatively new. 

But, whatever the reason, each generation:'s best case for 
psi is cast aside by subsequent generations of parapsycholo-

. gists and are replaced with newer, more t;Jp-to-date b::st 
cases. Not only does the evidence for psi lack r€plicability, 
but, un!ike the evidence from other scien,ces, it is non
cumulative. It is as if each new generation =ip;;s the slate 
clean and begins all over again. Consequenttly, ihe e\iden-
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tial database for psi is always shifting. Earlier cases are Although they hav coliec1ed large databases for each )t 

dropped and replaced \~th newer and,..A~~)t~ll' ~ore ..... w~se RA~Q~ ~ ;M~ th~ work has been reported o~,', 
promising liAAP69Y~garcRr ~~~,~t-fu"'r'tf./&"1'~1~ ·t~lA-Rurr;:r~cf,'Mf5h~1:)'o9r? ~JB8RJcr4indings do seem impr:c~· 
paper argues that it is only partially true that parapsycho- sive, but they have yet :o be described in sufficient deuil 

might have some validity, I do not think it changes the effort and the sop istication of the methodology and --
point I am making here.] strumentation, it will be many years before adequate rer, · 

The late J. G. Pratt. in challenging his parapsychological cations in indepen ent laboratories will be possible. 
colle2gues' hopes 'or a repeatable experiment, wrote [69]: As promising as this r1os1 recent work by Honorton ,:,-,: 

Jahn might see:n f be, none of it has reached a st2~~ 
Or,o could almost pick a date at random since 1B82 and f:nd where it is read, fo a ft.;11-scale critical evaluation. Alrea:·
in the literature that someone somewhere had recently 
ob:ained results described in terms implying that others the sharp-eyed critic ca1 d'2tect both inconsistencies w -~ 
should be able tc confirm the findings. Among those per- previous findings i the same lines of research and dep,·· 
sors or groups reflecting such enthusiasm are the S.P.R. tures from ideal pr ctice. As the history of parapsycholc-~--
Cocnmittee on Thought-Transference; Richard Hogson (in teaches us, we will ha·:e 10 wait for several more ye,·; 
his investigation of Mrs Piper): Feilding. Baggally, and 
(a7'ington (in th~ir Palladino investigations); J. B. Rhine before we can ade .uat-:::ly jud5e if somehow these lat-;-:·. 
(work. reported in Extra-Sensory Perception); Whately efforts can avoid th fa12 that ,11 their promising predec-:·'· 
Ca•ington (in his work on paranormal cognition of drawings); sors have suffered. 
Ge:trude Sch me dler (in her sheep-goat work); Van 
Bu;sbach. and Anderson and White (in their research on 
te.;cher-pupil atti!Jdes); the Maimonedes dream studies; the 
Ste;:ianek investigators; the investigators of Kulagina's 
directly-observabli' PK effects; research using the ganzfeld 
technique; and t1e SRI investigators ("remote viewing"). 
Or.e after anothe·, however. the specific ways of working 
us~d in these initially successful psi projects have fallen out 
of :avor and faded from the research scene-except for the 
latest investigations which. one may reasonably suppose. 
ha\e not yet had enough time to falter and fade awa, as 
otr.ers before the.:1 have done. 

When Pratt wrote those words in 1978, the "latest investi
gations" included the Ganzfeld/psi experiments, the Re
mote Viewing investigations, and the PK research using 
Random Event Generators. These would have been among 
the contemporary investigations which, given Pratt's pessi
mistic extrapolations, "one may reasonably suppose, have 

. ·. not yet had enough time to falter and fade away as others 
before them have done." Today, signs do seem to indicate 
that these seemingly "successful" lines of research may be " 
much weaker than had been previously advertised [24], [74], 
[75). 

However, as always, new and more promising lines of 
work seem to be ready to take their place. Honorton and 
his colleagues at the Psychophysical Research Laboratories 
in Princeton, NJ, seem to be developing a number of very 
promising lines of research [78). They have been developing 
a completely automated version of the Ganzfeld experi
ment which eliminates many of the problems raised by my 
critique. They have also been perfecting a "transportable" 
experiment-one that can be carried out by any investi· 
gator who has access to an Apple personal .computer. The 
experiment, also completely automated, is a.va-riation of the 
Random Event Generator paradigm but with a variety of 
built-in safeguards which apparently eliminate almost all 
the options for multiple testing. 

Nearby, but completely independent of the work going 
on at the Psychophysical Laboratories, is the research on 
anomalous phenomena being carried out by Robert Jahn 
and his associates in the School of Engineering and Applied 
Science at Princeton University [1 ), [79], [80]. For more than 
five years Jahn and his associates have been perfecting the 
instrumentation and experimental designs for conducting 
sophisticated variations of both the remote viewing para· 
di~m and the PK work with random event generators. 

Perhaps. howeve , his:or:,· de-es not have to repeat its,:-' 
in all its depress:ng aspects And I can see some encour.cI· 
ing signs of brea s w th previous patterns in the w,·.
proponents cam· o t and defend their findings and the,,,-. 
critics respond. 

Since its incepti n a; an in;titutionalized undertaki-~. 
psychical research as 5uffered from the lack of releva·: 
informed. and co structive criticism. This particular c,-:· 
ficiency seems to b ch~nging. For one thing, the youn~·:'. 
generation of parap ych::ilogist; have produced some int:·-
nal critics who are bot:i knov. ledgeable and effective. 
addition to Akers, there are others such as Susan Bla-:v 
more, Adrian Parke , G::rd Ho\'elmann, and J. E. Kenne:'. 
who have recog izej the current deficiencies 
parapsychological r search and have a strong committme-~: 
to raising the stand rds. Although it is still difficult to fi-c 
external critics wh are both informed and constructi ,-2 . 

one can see some ndications that this situation may 2 ,o 
improve. 

Another positive ign rs the 2,tempt to replace subjecti ,<-:. 

impressionistic evaluations of the parapsychological lit:'· 
ature with more ystematic, explicit assessments. Be.-;. 
Honorton [77) and ' [73) have used "meta-analysis" in c,Jr 

dispute over the a equacy of the Ganzfeld/psi databa,2 
"Meta-analysis" is term coined to describe the approE,:h 
to reviewing a bod; of res.earch which makes the varicus 
phases as· explicit at quantitative as feasible [81), [82). 

The approach to r earch integration referred to as "meta
analysis" is nothin more than the attitude of data analysi, 
applied to quantitative summaries of individual experiments. 
By recording the roperties of studies and their findings in 
quantitative terms, the meta·an.ilysis of research invites one 
who would integ ate numerous and diverse findings to 
apply the full pow r of stalistical methods to the task. Thu, 
it is not a techniqu ; rather it is a perspective that uses many 
techniques of mea uremena and statistical analysis. 

(From [81].) 
Meta-analysis is y no means a panacea. Much subjec v

ity remains on such matters. as which studies to include E.-,d 
exclude from the s mple, how to score the "effect size" or 
degree.of success o a study, v.+iat variables to include, h:,,., 
to assign studies v lues on the variables, and what shoJd 
be the sampling u J it. In addition, many serious proble,1s 
have to be resolve about how to cope with the fact tsat 
individual studies a e not independent and the analyses ire 
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once a suitable sample of experiments has been selected, Akers the, soee~ed all his 54 studies sequentially through 
how to make an ~PPm>'f~fri@l'itR.elease,®qa/i'MA1~ : CIAcRDJP9'---Q&7419R6€2UOOOOOO!Qi,.,,4many could pass 
trends, strengths, and weaknesses characterize the sample. 
Up un:il recently, such a review of a body of literature has 
been an unstructured and highly subjective affair. Under
standably, two individuals surveying the same body of 
literature could, and did, often come up with diametrically 
opposed cone I usions. 

As cognitive psychologists have emphasized, the capacity 
of hun-ans to handle mentally a number of items is severely 
Jimit.ec:. What constitutes an "item" varies greatly with the 
structure of the material and the individual's previous 
familia:ity and experiise in a given field of knowledge. Even 
within his field of speciality, a scientist would have great 
difficulty in trying to comprehend patterns in over a dozen 
or so reports without external aids and a systematic proce
dure. 

Whe,, the nonparapsychologist critic tries to make sense 
of a la~ge body of parapsychological literature, he is at a 
great disadvantage. His critical capacities have not been 
trained to pick out relevant from irrelevant details in seek
ing interrelationships. Lacking concrete experience with 
many of the experimental designs, he is at a decided dis
advantage in knowing what things could go wrong and 
which sorts of controls would be critical. And when the 
numbe;- of separate :eports is more than a dozen or so, he 
cannot be expected to be able· to grasp the total picture 
without help from svstematic and quantitative summariza
tion procedures. 

Yet, so far as I can tell, only two critical evaluations of 
"systematic lines" oi parapsychological research have ever 
been tarried out v..ith any procedure approximating sys
tematic, explicit, and quantitative guidelines. Both of these 
were carried out fairly recently. One was by Charles Akers, 
a former parapsychologist with both experience and pub
lication.s in the field [74). The other was by myself, acting as 
an external critic who accepted the parapsychologists' chal
lenge tq fairly evaluate a systematic line of research which 
they feel represents their stiOngest case for the repeatable 
experiment [73), [75). 

AKERS' METHODOLOGICAL CRITICISMS OF PARAPSYCHOLOGY 

Akers' methodological evaluation of contemporary para
psychological research represents a landmark in para
psychological criticism. Akers, who holds a Ph.D. degree in 
Social Psychology, has worked as a parapsychologist in 
Rhine's laboratory and knows the contemporary scene from 
the inside. 

After a careful selection procedure, .Akers arrived at a 
sample of 54 ESP experiments. These experiments had all 
been cited in the Handbook of Parapsychology or other 
parapsychological literat.ure as exemplars of the evidential 
database. The selection was restricted to studies in which 
significant results had been claimed for a sample of rela
tively unselected percipients. He excluded unpublished re
ports, studies which were reported only as abstracts or 
convention reports, and studies which were exploratory or 
preliminary to a stronger replication. He also excluded 
experiments which produced scores in the wrong direction 
("psi missing") (74). 

The final sample of 54 experiments is fairly complete. If it is 
not inclusive, it is at least representative of findings in 
altered state and personality research: 

through all of 1he:n. He ~irst looked at how many of the 
studies use.:! inadequate r.1ndomization of the targets. Al· 
though he :ound .1lmost half of the studies used inferior 
methods tc, rando:nize ta'.gets he considered this to be a 
"minor cor'.amin21t." In his opinion, such randomization 
failures as r,2 obsecved would not be sufficient to account 
for the abc,e cha,ce results which each of these studies 
optained. 

Next he :Joked 3t the ;:ossibility of sensory leakage. For 
example. ir. sever2 of the Ganzfeld experiments the agent 
handled tht slide or piCi'Jre which served as the target. 
Later the PE'Cipiert was ~:ven that very same target along 
with some ·oils ad askec to select which item had been 
the target. 'n such a sitLation either inad\·ertent or de· 
liberate cuE; ng is :I early , possibility. A parapsychologist 
should not :e ecnti:ied to claim ESP as the explanation for 2 

successful ;electicn by :he percipient under such cir
cumstances Akers assigned a flaw to any experiment which 
had this or one o: his other categories of possibilities for 
sensory leaLagec. As many as 22 of the 54 experiments were 
cited for huing a: least one flaw of the sensory leakage 
kind (some 1ad more thar one kind). 

In a simil;r fashion, Ake·s checked for security problems. 
recording e-,ors, o:itional stopping, data selection, inade
quate docvnenta:ion, n-ultiple testing, and some ad
ditional fl2.,,,,s of a techrical nature. On each criterion. 
Akers assigr<2d a flaw onl1 if, in his opinion, the defect was 
sufficient tc accou1t for 11e above chance hitting actual!\' 
reported [7.t.:. 

Results fro-n the ;4·exper''11ent survey have demonstrated 
that there are ma~y alterr,ative explanations for ESP phe
nomen.a; t~e choice is not simply between psi and experi
menter fr.:.Jd .... The nunbers of experiments flawed on 
various grc,,mds were as foi:ows: randomization failures (13), 
sensory le,'<ag-e (22), subjE·:t cheating (12), recording errors 
(10), classi":cation or scorirg errors (9), statistical errors (12), 
reporting '.,ilu,es CO) .... A.II told, BS percent oi the experi
ments wer= consicered flawed (46/54). 

In other words, only 8 of the 54 experiments-all of 
which were ;;elected to be best cases-were free of at least 
one serious flaw on Akers' criteria. But Akers points out a 
number of r-:asons ,o be concerned about the adequacy of 
even these ''flawless" stud:es (74). 

In conclus'on, 1here were eight experiments conducted with 
reasonable care, boJt none of these could be considered as 
methodolc'3ically strong. When all 54 experiments are con
sidered. it can be stated that the research methods are too 
weak to ertabflish the exis1ence of a paranormal phenome
non. 

Akers' cor.ch.1sion is ·especially damaging to the case for 
psi because he leaned over backwards to give the benefit of 
doubt to the experimenters. In some cases where the docu
mentation v,as incomplete, Akers assumed that the investi
gator had taken the proper precautions against sensory 
leakage. And Akers did not assign flaws to experiments if 
their randomization procedures were less than optimal (he 
considered this to be only a "minor contaminant"). Experi
ments that were deficien: on his other criteria such as 
optional stopping and others were not assigned flaws if, on 
Akers' judgment, the deficiency on that criterion was insuf
ficient to have caused the total number of hits. In other 
words, Akers was not judging whether the experiment had 
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conducted ,, po~~9[0W~ i Fl9ls ~~~~~aia2~g11~ni e CIA-~j;>~~-£Q,?8t%f\qai 8-PPx1iYi2i~ \ u1del i nes and minimal 
previously unstructured and subjective assessments. The standards. Then they ave to make sure that members of 
reviewer is forced to make many more of his or her stan- their profession beco e fully aware of these standards and 
dards and procedures explicit. The resulting debate can be recognize the necessit for living up to them. 
more focussed and the specific areas of disagreement can 
be pinpointed more accurately. In addition, the use of 
quantitative summaries often brings out patterns and rela- REFERENCES 
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6
) Press, 1977. ~ 

F. Podmore, Mediu s of the 19th Century. New Hyde Park, 
mance of acceptable experiments in various lines of para- NY: University Book , 1963 (two volumes). 
psychological research. Along with some major para- [7] M. Faraday, "Experimental investigation of table-moving," 
psychologists such as Honorton, the committee includes The Athenaeum, pp] 801-803, July 2, 1853. 
both internal critics such as Akers and external ones such as [8] R. Hare, Experimenf~a/ Investigation of the Spirit Manifesta· 
myself. lions, Oemonstratin and Existence of Spirits and their Com· 

munion with Mortl: Doctrine of the Spirit World Respect· 
My survey of psychical research from the time of Hare ing Heaven, Hell, orality, and Cod. Also, the Influence of 

and Croo~es to the present has suggested that, although Scripture on the Mo 

1

als of Christians. New York: Partridge & 

the specific evidence put forth to support the existence of Brittan, 1855. ' 
psi changes over time, many of the key issues and con· [9) L. Shepard, Ed., Enqclopedia of Occultism and Parapsychol· 

h h ogy. Detroit, Ml: Gale Research Co., 1978. 
troversies have remained unchanged. T e parapsyc ologists (101 f f I. Asimov, Asimov' Biographical Encyclopedia o Science 
still employ similar strategems to seemingly enable them to and Technology. New York: Equinox, 1976. 
stick to their claims in the face of various incosistencies. (11) W. George, Biologi t Philosopher: A Study of the Life and 
And the critics, sharing many assumptions with' the propo- Writings of Alfred Russel Wallace. New York: Abelard· 
nents, still behave in rather emotional and irrational ways. Schuman, 1964, 

(12) M. J. Kottler, "Alfre Russel Wallace, the origin of man, and 
Indeed, the level of the debate during the preceding 130 spiritualism," Isis, v 1. 65, pp. 145-192, 1974. 
years has been an embarrassment for anyone who would (13) F.·M. Turner, Betw~ n Sci~nce and Religion: The Reaction to 
like to believe that scholars and scientists adhere to stan- Scientific Naturalism in Late Victorian England. New Haven, 
dards of rationality and fair play. CT: Yale Univ. Press, 1974. 

I suspect it is because the quality of the criticism has (14] A. R. Wallace, My ife: A Record of Events and Opinions. 

h 
New York: Dodd, M ad, & Co., 1906. 

been so poor and its content so obviously irrelevant t at [1s] R. G. Medhurst, Ed., Crookes and the Spirit World: A Co/lee· 
parapsychologists have managed to live so long with the tion of Writings by or Concerning the Work of Sir William 
illusion that the quality of their evidence was so much Crookes. 0.M., F.R S., in the Field of Psychical Research. 

better than it really was. Both Akers and I were surprised to New York: Taplinger 1972. 
(16] E. E. F. D'Albe, The ife of Sir William Crookes. New York: 

find how defective, in terms of the most elementary stan· D. Appleton and Co, 1924. 

dards, the best of the contemporary parapsychological re- (17] J. Palfreman, "Willi m Crookes: spiritualism and science," 
search really was. I know that some parapsychologists have Ethics Sd. Med., vol 3, pp. 211-227, 1976. 
been surprised to realize how far the current status of psi (18] S. J. Davey, "The po~ibilities of mal-observation and lapse of 
research departs from the professed standards of their field. me~~r:y from a prac ical point of view: Experirr:_ental investi· 

gat1on, Proc. Soc. ychteal Res., vol. 4, pp. 40:i-495, 1887. 
And I would not be surprised that most of the rest of the (19] 'E. J. Dingwall, very Peculiar People: Portrait Studies in the 
parapsychological community, in the absence cif systematic Queer, the Abnorm I and the Uncanny. New Hyde Park, 
and critical surveys, had assumed that their database was of NY: University Book , 1962. 
a much higher quality than it, in fact, is. (20] J. Hasted, The Meta ·Benders. London, England: Routledge 

& Kegan Paul Ltd., 1 1. · 
All this suggests, as I have already indicated, that the 1211 R. Hyman, (Review f The Geller Papers), The Zetetic [ The 

parapsychological evidence, despite a history of more than Skeptical Inquirer), I. 1, pp. 73-80, Fall/Winter 1976. 
130 years of inquiry, is not ready to be placed before the (22] __ , "Psychics a d scientists: 'Mind-Reach' and remote 
scientific community for judgment. The parapsychologists' viewing." The Hum nist, vol. 37, pp. 1&--20, May/June 1977. 
first order of business should be to get their own house in (23] __ , "Scientists and psychics," in Science .and the 

Paranormal, G. 0. bell and B. Singer, Eds. New York: 
order. They no longer can safely assume that the typical Scribner's, 1981, pp. 19--141. 

parapsychologist has the competence to correctly use sta· (24] __ , "Outracing t e evidence: the muddled 'Mind Race'." 
tistical tools, design appropriate investigations, carry out The Skeptical lnquirt, vol. 9, pp. 125-145, 1984-1985. 
these investigations correctly, or to write them up properly. (25] D. Marks and R. Ka mann, The Psychology of the Psychic. 

. . Buffalo, NY: Promet eous Books, 1980. 
Indeed, the :vtdence ~u~gests the opposite. Both ~he (26] J. Palfreman, "Between scepticism and credulity: A study of 
Parapsycholog1cal Association and the parapsycholog1cal Victorian scientific a~titudes to modern spiritualism," in On 
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IV ANOMALOUS-MENTAL-PHENOMENA JOURNAL 
PUBLICATIONS 

The publications in the specialized journals for anomalous mental phenomena date back to the late 

1800's and are too numerous to include here. The papers in this section, however, were selected from a 

large number of excellent papers in the reviewed literature as representative of some of the directions 

for current research. 

The number that appears in the upper right-hand corner of the first page for each publication is keyed 

to the following descriptions: 

16. Ryzl, M., ''A Model of Parapsychological Communication," Journal of Parapsychology, Vol. 30, pp. 
18-30, (1966). If anomalous cognition can increase an individual's chances of correctly guessing 
the toss of a coin, then by using a redundant coding technique, a communications system can be 
constructed that is 100% accurate. Ryzl describes one such successful application in this paper. 

17. Honorton, C., "Precognition and Real-Time ESP Performance in a Computer Task with an 
Exceptional Subject,'' Journal of Parapsychology, Vol. 51, pp. 291-319, (December, 1987). 
Honorton describes a series of experiments with a single subject spanning over 20 years. In this 
rare circumstance, Honorton finds robust, statistical evidence for precognition that remains stable 
over that time period. 

18. May, E. C., Utts, J.M., Humphrey, B. S., Luke, W. L. W., Frivold, T. J., and 'Irask, V. V., ''Advances 
in Remote-Viewing Analysis," Journal of Parapsychology, Vol. 54, pp. 194-228, (September, 1990). 
This paper describes an application offuzzy set theory to the analysis of subjective data. It includes 
examples of remote viewing and a comparison with "ground" truth. 

19. May, E. C., Luke, W. L. W., Trask, V. V., and Frivold, T. J., "Observation ofNeuromagnetic Fields 
in Response to Remote Stimuli," Proceedings of Presented Papers for the 33rd Annual Convention of 
the ParapsychologicalAssociation, National 4-H Center, Chevy Chase, MD, pp. 168-135, (August, 
1990). This paper is a progress report on the use of magnetoencephalography to investigate the 
brain's response to anomalous-cognition stimuli. Following techniques commonly used in the 
research of visual evoked responses of the brain, the authors report a statistically significant effect. 
The paper includes discussion about possible artifacts. 

20. Braud, W., Shafer, D., and Andrews, S., "Electrodermal Correlates of Remote Attention: 
Autonomic Reactions to an Unseen Gaze," Proceedings of Presented Papers for the 33rd Annual 
Convention of the Parapsychological Association, National 4-H Center, Chevy Chase, MD, pp. 
14-28, (August, 1990). Continuing a popular research line at the Mind Science Foundation in San 
Antonio, Braud et. al. describe a careful experiments that appears to confirm statistically that one 
can "tell," without looking, when someone is staring. 

21. Lantz, N. D., May, E. C., and Piantanida, T., "Remote Viewing: From what Tlme Frame Does the 
Information Originate?" Proceedings of Presented Papers for the 33rd Annual Convention of the 
Parapsychological Association, National 4- H Center, Chevy Chase, MD, pp. 138-150, (August, 
1990). In this paper, Lantz et. al. describe a technically complex experiment to determine the 
temporal source of anomalous-cognition information. While there was statistically robust 
evidence for an effect, no temporal dependence was found. 

\ 
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A MODEL OF PARAPSYCHOLOGICAL 
C01\,11\,1UNIC1\. TI0N 1 

By MILAN RYZL 

RECENTLY the application. of extrasensory perception (ESP) as a 
mearrii"of communication has been discussed more and more. How
ever, }e numerous popular articles have not been counterbalanced 
by a~qual number of scientific publications, and it is impossible to 
clecidt?-whether the reason is the sensational exaggeration of rda-

"Tl 
tivelygscarce material, or whether, for strategic reasons, some of 
the ntnre recent scientific findings have been suppressed. 

B~use of the potential importance of the problem it will be 
inter:ting to see how the question is being· solved in the scientific 

(D 

literaNJre which is accessible. The characteristics of ESP are such 
that f faculty is predestined to serve as a device for gaining in
formai.on which is normally inaccessible (6, 17, 18)-whether 
simplt;:that of objective events in the outer world in general or the 
inter&'.'ption of coded messages in particular. However, the absolute 
reliabilJ.ty of ESP has not yet been achieved experimentally; the 
experlfuenter cannot as yet rely absolutely on the correctness of the 

;;o d . . respo:a1es secure m experiments. 
T;E appraise the degree of reliability of ESP for obtaining in

form'8ion in practice, it is not its occasional spontaneous mani festa
tions $at must be examined, but results of controlled experimenta
tion. ~he latter clo not give s11rh dra111;1firnlly striking- re:mlls, it is 

true; iut they arc more suitable for the exact evaluation necessary 
0 

for t~ application of ESP in conveying information. For this, 
it woid be necessary to be able to tell before the check-up of results, 
and ~ybe even without it, whether the ESP response was correct. 

0 
Llgfortunatt:ly, experimental results in ESP tests have not been 

nearl.:["'as reliable as sensory perception. The eye or the camera 
:llo,. 

very quickly picks up a g-rcat deal of i11for111atio11, and radio a11d TV 
1 This paper is an adaptation of an article by Dr. Ryzl which appeared in a 

Czechoslovakian tcclmical journal, Srldm'Cl,i Tu/11,ika (Co111m111,icatio11 Talr
,iiquc), Vol. 12 (1964), No. 8, pp. 299-302. 
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signals will transmit a considerable amount in a short time unit. 
Errors and inaccuracies in these areas have been reduced to such 
an extent that they can be disrq~arded in this comparison. 

On the other hand, ESP in simple card-calling tests is so much 
less reliable that it results in only a slight deviation from mean 
chance expectation. More than that, subjects prove to be very un
stable in their ability to demonstrate ESP, their performance being 
subject to considerable fluctuation-even to the temporary disap
pearance of ESP, or to its manifestation as psi-missing. If ESP 
were a technical contrivance for getting information, it would have 
to be rcgar<lc<l to<lay as very ind1icicnt. 

And yet, even a slight deviation above chance docs represent 
the acquisition of information. Tn order to make practical applica
tion of it, it is necessary only: 

( 1) To secure stable performance in a sub jcct, or to be able to 
recognize those times when he is actually using his ESP ability. 

(2) To so concentrate the amount of information picked up in 
ESP tests that the knowledge looked for can be deduced with a 
degree of reliability fixed in advance. 

A third condition should be that this be possible without undue 
cost. In the present study, however, economic aspects will not be 
taken into account, but only the possible practical application of 
ESP. 

1-T1sTon1cA1. Sunv1-:Y 

The first accessible published report of an experiment in which 
the method employC'd m;ide it possible In 1~ai11 an iteri1 nf i11 forma
tion that could be used practically is the report by Foster ( 4): In 
this experiment a question was asked which could be answered either 
by yes or no. The subjects were given a mixed pack of black 
(meauing- yt.'s) and red (111ea11i11g no) cards in opaque envelopes, 
mu I were a:,kcd l" :;u1 L Lhe111 oil(() (,lack ur re<l "Larget area:;," the 

black area indicating true and the red area false. When the correct 
answer In a given q11<'stio11 (whi,h tlH' s11hj!',t was to discover hy 

ESP) was Y"S, black cards should have been found on the black 
area and red cards on the red area. T f the correct answer to the 
question was no, an association of unlike colors would be the 
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proper n·sponse. l l11forl1111;1ldy, in Ibis l'xp1,ri11w11I (i11 which the 

subjects were Indian children), no ESP was shown. 
In most laboratory tests so far, card-calling or card-matching 

tests ( with cards enclosed in opaque covers) have been used. In 
order to employ this method to gain specific information, it is neces
sarfi"first to work out a code arrangement for translating the de
sirc'ii information into a certain sequence of cards. The ESP result 
( if ~SP occurred) must then be decoded to obtain the desired 

(D 

knQl!;\,Jedge. 
s'uch a procedure was the basis for a suggestion made by W. H. 

Clai (2) to forecast the temperature. Clark suggested that the 
sub.ftct call _the order of a pack of ESP cards which would be cut on 
a f~re day according to the temperature reading in a given news
pap~ on that day. By a method Clark suggested, high scoring on 
targg series assigned to a certain temperafure could be used as a 
basi~for prediction. 

!:ince ESP, as so far observed in the laboratory, has been too ..... 
impcf ect, it would be necessary for practical usage somehow to 
con~trate the in formation carried in every call. To do this, there 
wouli:1 have to be a large number of independent calls on every 

I 

targiltl. These results could then be statistically evaluated, and the 
unrdiibility of individual calls thus compensated for. 
~ W. Fisk and D. J. West ( 3) used this procedure in an ex

peri&nt in which different subjects called the same card and the 
maj~ty call was considered the call for that target. They failed 

CD 
in t)i:Oir objective, however, for insufficient evidence of ESP was 

0 
secu~. 

'Ja;1s "repeated-guessing'' technique was also used by R. H. 
Tho&ss (16). In addition to checking the "majority vote," as 
Fisk~nd West had done, Thouless introduced what he called an 

0 
"ind~ of preference," by which he proposed to compensate for 
the ilct that subjects prefer certain symbols and have unequal 
numbers of calls for the various targets. In another article, C. 
Scott ( 12) solved some statistical problems raised by Thou less' 
method. 

The repeated-guessing technique was also used by me in ex
periments with Miss J. K. (8). It proved lo yield a11 increase 
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i11 tlw 1·cli:tl,ilily of l~SI' call::. I low('V<"f, ::i11n· the wo..Ic with lhii: 

sub jcct was interrupted ( for family reasons), it was impossible to 
develop the method further and to prove that the successful result 
was repeatable. 

Because of the instability of ESP performance, it is necessary :t:=, 

to find a way to determine in advance whether ESP is occurring :g 
in a given experiment and also to what extent. The subject's in- ~ 
trospective statements have not proven to be reliable (7). The first [ 
experimenter who was concerned with finding a way to estimate "Tl 

0 ., the degree of reliability of ESP responses prior to the check-up 
was C. E. Stuart ( 13). Later, R. J. Cadorct ( 1) adapted a motor 
form of expressing ESP somewhat similar to that of dowsing. 
He tried to measure the reliability of ESP responses by having the 
subject make two parallel sets of calls, using one of them as an 
"index series" to be checked in advance. It was assumed that the 
level of scoring on the unchecked series would be similar to that 
on the checked. The subject was unaware which series would be 
used as the index. Slightly si1,'11ificant scores were obtained. 

Another method for the same purpose was designed by R. 
Taetzsch ( 14), who proposed the use of dual-aspect targets; for 
instance, playing cards, buth value and color ( 5). In such tests, 
one aspect would be evaluated as an index series, the other as the 
experimental series. Dual-aspect targets have also Leen used in a 
recent experiment by Dr. Schmeidler ( 11), who also has aimed at 
finding out the most reliable forms of ESP manifestation. Sht; 
emphasizes the comparison of various methods of evaluation, either 
by appraising both aspects together or either aspect separately 

An original contribution is a psi communication system designed 
(but never put into practice) by Taetzsch (15). It is a device to 
convey information between two points in space or time with a 
degree of reliability fixed in advance. As corroborated in a paper 
including- the relevant calculations, it is possible to use even an im
perfect ESP faculty to deduce reliable information by the selection 
of 011e of two possibilities ( white-black, yes-no, etc.). The subject 
is to make his call by pressing down on one of two buttons. The 

repeated-guessing technique is used and the result is worked out 
hy a crnnputcr ;m the basis of a program put into it previously. 
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This program ensures the required reliability of information ob
tained. The machine thus determines the number of calls necessary 
to arrive at a reliable result according to the degree of ESP shown. 
It does not give an answer until this degree of reliability has been 
attained. The proposed system also allows for psi-missing by the 
ran~ insertion of index calls between the regular calls. The in
dex a_ns are to serve as an empirical check as to whether, in the 
givci series, ESP is being expressed in a positive or a negative 

II) 
manaer. 

:Q1 can be seen, then, that parapsychologists have given consider
ablei,ttention to the problem of finding a way to make ESP practi
callfapplicable. It seems that the difficulty has mainly been the 
fac~hat no way has been found to make the ESP performance so 
per~ct and constant that lawful control ?1n be obtained. This is 
the§npression one would get from the studies generally accessible 
in ~e scientific press. It has been only in the experiments with 
th~ubject P.S., concerning whose ESP faculties the author re-.... 
po~d previously ( 9, 10), that a sufficiently stable ESP response 
W¥) attained to warrant an attempt at the reliable conveyance of 
iniirn1atio11 by ESP with :i r<':11 hnp<' nf s11ccess. 

I . 
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EXPERIMENTAL SET-UP 

FOR SUBJECT P.S. 

~The general objective of the experiment, carried out in 1962, 
~ the identification by ESP of five numbers of three digits each. 

~h of these numbers was to be transmitted as an independent 
c~erimental unit. However, the object of the experi111e11l was 1101 

:@11nlly to attain a practically appli<"al1lc use of r,:::;p to convey 
i8£ormalio11 ( this could 1101 yet lie dune, given the pn•t11·nl :ii Bit· 11f 

3airs) but lo furni!ih experimental proof that :mch application of 
I 

~,S) 1 i:; p,1:;:;ihlr in 111 i11l'iplr 1 hat in forinat inn ran lw collV("Y<'d 

hy ESP with the required degree of exactness and reliability. 1\t 

the time of planning this experimental series, P.S. was giving re
liable results in distinguishing two colors (white-green) on cards 

enclosed in opaque covers, and therefore this technique was adapted 
to the task of identifying a number by ESP. 
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By means of an arbitrary system, the designated number was 
coded into a certain sequence of the colors of cards. The covers, 
with the cards inside, were submitted to the subject for identifica
tion repeatedly until an adequate number of calls were accumulated. 
The data, treated analytically, gave a reliable indication of the color 
of the uppermost side of the card before actual checking. By 
means of the code, the number could be identified. 

More specificaliy, the experiment proper was carried out thus: 
First of. all, a code was worked out by which a certain sequence 
of 10 ( white or green) colors was allotted to each one of the three
digit numbers ranging from 000 up to 999. Then an assistant drew 
a number by lot. By means of the code, he then transformed it into 
a sequence of 10 colors. He next took 10 opaque covers made of 
stiff cardboard and marked on the reverse side with capital letters 

A, B. . . .. K; and into these he put the white-green cards (mea
suring 105 x 150 mm.) in such a way that the sequence of colors 
indicated by the target number were uppermost in the cover. The 
covers, or "envelopes," were then sealed shut. 
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I\) 
0 
0 
w To these 10 covers the assistant then added another 10 sealed 

covers marked on the back . with small letters a, b. . . .. k, which 0 
~ 

coutaiucJ u.11 J:, plm:cJ ju:,l the oppn;.ilr tn tlm~e marked with ;; 
capital letters. The purpose of this second set was a double one. 
First, it represented a parallel, independent test of the same fact as ~ 
the basic set and could thus be a check on its correctness. Second, ;b 
this set ensured an equal distribution of target cards. In point of ~ 
fact, the chosen code for some numbers resulted in an unequ,ally ~ 
balanced sequence of colors so that if the subject should show a g 
prdcrcncc for calling one color over the other, a distortion couldO: 
have resulted. . ~ 

A ftrr taking frrn11 the airnist:1111 the 20 c11vdnpcs n·prcsentinf!B 
lhe selected lllllltbcr, lhc cxpcn111e11le1 added lo, ll1e111 ,1111,1l1cr I(~ 

0 
c11vclopcs u f the StllllC appc:tl'all(:C, lllilrked 011 I ht hnck 1, 2. , , . , 1 Og 
Tiu:,,,· , 11111,1i11r.f i;111d .. 11ily ,,rlr..ird wliitr· ~:rrr·11 1·:ird•: pr<"p;irnl h~ 
th<' experimenter, who kept a record of their order. They were t~ 

he checked after the cards had all been called the required numoe_t 
of times, and presumably would indicate the quality of ESP which 
had operated in the series. 
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All 30 of the envelopes were of the same external appearance; 
they differed only in the markings on the back, and these were 
hidden from the subject's sight throughout the experiment. It was 
decided Lief orchaml that if the cards with the numbers should shnw 
insufficient evidence of ESP, the entire series would be cancelled. 
It Pj::PVed unnecessary to do this, for the ESP result was sufficiently 
staige throughout the experiment to give the desired reliability. 

cil.fter preparing the targets, the cxpcri111c11lcr thuro11ghly sh110lcd 
all ie envelopes and gave them to the subject to identify the color 
upptjfmost in them. The subject did so, the conditions excluding 
all Rhown possibility of sensory perception. The experimenter kept 
a n$brd of- the subject's call on each individual card as it was pre
senfd to him. Then the experimenter again shuffled the envelopes 
tho:@ughly and again handed .them to the subject to be identified. 
Thi~procedure was repeated 50 times so that a total of 50 calls was 
maqs on each envelope. Thorough shuffling between series ensured 
tha12here was a different order each time and that the index targets 
were.:randomly mixed with the experimental ones. 

f!iese 50 individual calls on each of the 30 covers gave 1500 
cal!O.ltogether. The 500 index calls were checked first to get an 
id~f the amount of ESP to be expected on the others. When 
this~roved to be sufficient, the evaluation of the experiment proper 
wascmade. 

~e evaluation of the two sets of experimental calls of 500 
eac!S..vas based on a method which had been worked out earlier in 
coniction with previous experiments with the same sul.ljcct. The 
crit~a were so chosen th:11 if IIH'y W('rc met they would 1~ive 
stro&t promis<· that the content oLth.e-e-i:wc 
forc§ld. The prncedure was as follows: 

the total of 50 calls on envelopes with capital letters and SO 011 

corrsponding envelopes marked with small letters were evaluated 
sepa~tely from two points of view. First, the ratio of white to 
greeft' calls on each envelope was computed. This was called "Total 
Score" ( See Fig. 1. The total number of white calls is always given 
on the left and the total green calls on the right of the culunm.) 
Then the consistency of the prcf erencc for one color or the other on 
a certain envelope was checked. The 50 calls on each card were 
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Fig. 1. An example of the data from which one of the three-digit numbers (in '?> 
this case 242) was identified. Under the heading "Basic Series" is the ratio of O 
colors ( or "total score") guessed for each envelope, and beside it, the results of ~ 
the five IO-number groups ( called "Ratio of Outstanding Scores" in the text). gg 
In the "Conclusiou" columns, a capital letter means that the criteria for indica- ;;o 
tion were met; a small letter, that they were nearly met. The revision colunrns O 
frn111 l,·fl lo ,-ighl ~how 1'1,· f!radnal .-limi11:olio11 of those cards which have- met 8 
the spcc11Jcd criteria ot certitude untd, at Ille !;utlum ol Ilic I• 111al S1u1c111c11I ~ 
column, all ten large lettered envelopes arc seen to match the co.rrect target o 
arr:111v.,·111r11t whic-h represents the selected three-digit number. 8 

0 
0 
0 

divided into five consecutive groups of 10 _ calls each. The ratio of 7" 
white and green calls was evaluated in each of these five groups .llo,, 

separately. But only those groups were counted in which the calls 
of one color predominated considerably over those of the other, at 
least to the extent of 8-2, 9-1, or 10-0. These were called "Out
standing Scores." ( See "Ratio of Outstanding Scores" in Fig. I. 
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On the left is the number of outstanding scores in which white calls 
predominated, and on the right, the number in which green cafls 
predominated.) The judgment as to the actual color of the card in 
the envelope was drawn after the results on the envelopes marked 
with capitals had been compared with their opposites marked with 
sm,ll letters. 

"Cfhe definite conclusion as to the color of the card in an enveiope 
"O 

waB not drawn until all of the following conditions had been ful-
fill$! at the same time. These criteria were: 

~- The ratio of colors guessed on a given ( capital or small let
ter~) envelope was 35-15 or greater. (Ratios closer to the chance 
exfctation of 25-25 were considered undecided.) 

cii2. The ratio of "outstanding scores" (8-2 and better in each 
grip of 10 calls) pointed clearly in the same direction. Hence 
th~reponderance was on the same side a·s the majority data, name
ly,at least 3-0 (or better still 4-1, 4-0, or 5-0). That is, out of 

(.) . 
fiv~ groups of ten calls a ratio of 8-2 or 9-1 or 10-0 appeared at 
le~ three times (3-0). 

~- The results of Points 1 and 2 were borne out by the agree
m@t of the opposite cards ( small or capital lettered, depending on 
P~t 1) on which there had to he a majority score nC> lower than 
3~0 and a simultaneous indication in the same direction based 011 

thiratios of "outstanding scores" at a rate of at least 1-0, or better 
c®. 3-1, etc.). 

~- In case Point 3 was not fulfilled, as when the result on the 
ofiosite card was not sufficiently convincing, it was decided to re
q~e a more decisive result in the main set of calls to offset this : 
8a. On Point 1 there must be a score of at least 40-10 or better. ..... 
gb. On Point 2 there must be a ratio of "outstanding scores" of 

t~order of either 4-0 or 5-0. 
g When the first basic series of 50 calls on each envelope had been 

c~luated, those envelopes which met the above criteria were re
n-R,ved from the pack. The remaining ones which did not meet the 
criteria were mixed with a corresponding number of nu111bcrl'd 
index envelopes. They were thoroughly shuffled and given the 
subject again as in a new experiment. 

Al each sim i Jar repel i tion series, SO calls were made on each 
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envelope and the result evaluated as before. Those envelopes which 
again di~ not meet the criteria were put through the same process 
until they did reach the criteria. 

When all 10 colors indicating the given number had thus been 
reliably identified, the number was deduced by the original code. 
Then the result was compared with the assistant's record of the 
target number. 

Altogether, five independent series were carried out in thi~ 
manner and five three-digit numbers were thus identified withou~ 
a single mistake. Figure 1 shows an example of the result fro~ 
which one 6£ these three-digit numbers was identified. It show! 
also the way in which the information about the content of the indi~ 
vidual envelopes was determined in the successive experimenta£, 
series until all could be correctly identified. ~ 

(D 
II) 
t/1 

DISCUSSION 
(D 

r-J 
0 

The basic objective of the experiment was to show the posse 
. -

bility of identifying targets by ESP with a precision which could bi -specified before the check-up. The bbjectivc was attained. ~ 

A problem remains concerning the efficiency of the metho~ 
For the time being, the procedure is uneconomical and cunibcrson5$ 
as compared with other means of communication. Altogether, fiva 
three-digit numbers were transmitted; but to do this, it was nee~ 
sary to make 19,350 single color-calls ( of which 11,978 were hii . I 

and 7,372 were misses). The average speed on.the whole was aboej: 
400 calls per hour so that the mere accumulation of the data toii 
some 50 hours ( with two persons participating). To this we mi;: 
also add the time necessary for evaluation of results. g 

It must be admitted, however, that this great cons~mption Sf 
experimental time was due partly to the fact that the empiricag, 
chosen criteria were very strict so as to meet the requirement ~[ 

extreme r~liability in the identifications. But in some cases of ~
plication it would be sufficient lo use a statistically expressed rd,l»
hility of identification, which would make the criteria less stringent 
and reduc;e the number of necessary calls ( given the same level of 
ESI' perfi.mnance of the subject). Numerous ways of saving us 
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from maki11g supcrll uous calls and of at lain i ng tile re<J ll ired rd ia
bility of identification more economically are afforded by applying 
communication theory. 

The application of some method of automatically recognizing 
the point at which identification could be possible would also con
siderably reduce the time involved. It can be seen from Figure 1 
t~t the calls on quite a number of envelopes exceeded what was 
Jicessary to identify them ( e.g., targets H, h in the Basic Series, or tf gets F, f in the First Revision Series). 
a. To find a way to determine the point when further calls would 

b~unnecessary, as Taetzsch has suggested for his case, would save ., 
a~east several scores of calls. 

(D ' 

re CONCLUSION 
t/1 

~ This experiment is proof that ESP as a means of communica-
ti@ can be practically applied. The present technique may not be 
s~able, for it was carried out only as a short-distance experiment. 
I~ctual usage, long-distance communication would be called for, .... 
esptcially in situations in which radio communication is impossible. 
F~ long distances, of course, further research aimed at securing 
a §ifficient stability of ESP performance under long-distance con-

' diijns will be necessary. 
"Of his experiment had several useful features: First was the re

p~d-guessing technique for concentrating information. By this 
m~od the necessary data could be accumulated by only one sub

je'ffl rather than many. 
;;o:n addition to this, the use of the index trials served as an indi
o 

ca@ of ESP. Exclusive of them, the two parallel series, which 
----ai@ed and complemented each other, added another advantage. 

Be~use of them it was possible to gd a good idea in the course of 
the~xperiment of the extent to which the majority votes on cor

e 
rcsB>nding covers tended to favor opposite sides. 

JEven though the technique permitted this preliminary estima

tion of trends, it did not open any avenues by which the subject 
could have gotten sensory cues. The index cards and lhe lest cards 

were so randomized that no reasoning on his part could have hecn 
of bcncfiL 

A Model of Parapsycholo_qical Communication 29 

Finally, 11ol the si111pk majority vole but an outstamling ma
jority was used; and in cases when such a majority was not secured, 
the railing was repeated until it was. Consistency of calling in 
addition to an adequate majority was a useful auxiliary criterion. 

Tht' crilcria Wt'.rc set empirically, and these were reached )!:/1 
the experiment. It well may be that economy of procedure can~e 
improved with the addition of revisions in line with the theory of 
probability and of information theory. ~ . a. 

"Tl 
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PRECOGNITION AND REAL-TI1\1E ESP 
PERFORMANCE IN A COMPUTER 'TASK 

WITH AN EXCEPTIONAL SUBJECT 

Bv CIIARI.ES l loNORTON 

ABSTRACT: An individual participant, Malcolm Bessent, with a history of success 
in laboratory precognitive psi tasks, completed 1,000 trials in a computer-based 
experiment comparing precognition and real-time target modes. A diode-based 
electronic random number generator (RNG) served as the target source. Target 
mode was randomly selected at the outset of each IO-trial run and was unknown 
to Bessent until the completion -of each run. Bessent's task was to identify the ac
tual target from a judging pool of four graphic "card" images presented on a com
puter graphics display. 

Based on Bessent's prior research history, two formal hypotheses were tested: (a) 
Bessent would demonstrate statistically significant hitting in the precognitive target 
mode, and (b) his precognitive performance would be significantly superior to his 
performance on real-time targets. Series sample size, methods of analysis, and sig
nificance criteria were specified in advance. Both hypotheses were confirmed. Bes
sent's success rate in the precognitive target mode was 30.4% (n = 490, p = .0039). 
This is reliably above the 25% chance level on an estimate of the 95% confidence 
level, which gives 27.2% as the approximate lower bound. Real-time performance 
did not exceed chance expectation (25.9% hits; n = 510, p = .34). The diffen;uce 
between the precognitive and real-time modes was significant (p = .045). Explor
atory analyses suggest that performance was related to response mode and latency: 
Significant hitting occurred when Bessent's responses were based on cognitive 
impressions but not when they were based on feelings or guesses, and he was more 
accurate on trials in which he took more time lo make his response. 

Extensive randomness tests document the adequacy of the RNG. The tests in
clude global RNG certification runs testing uniform distribution of RNG byte val
ues (n = 6 X 10• bytes) and sequential biases (n = 8 X 101 bits), as well as tests 
of the 11i:,tu11l tnrgct •cc1ucncc. An cmpiric:,I croN•-rlu~cl<; control, reccnely 11dvoc:ilcd 
by the critic Ray Hyman, in which Bessent's responses for one run were deliber
ately mismatched against targets intended for another run, also yielded results 
close to chance expectation. 

Various rival hypotheses including sensory cues, faulty randomization, data-ban· 
dling errors, data-~election bias, multiple analysis, and deception arc assessed and 
found to be inadequate. This is the fourth precognition experiment with l\esst•nt, 
each involving a different methodology and each yielding a statistically significant 
outcome. The combined result is highly significant (z = 5.47, p = 2.26 X 10-•). 
It is concluded that the results provide evidence for a communications anomaly 
involving noninferential precognition. 

I am extremely grateful to Malcolm Bessent for once again making his remarkable 
talents available for this study, and to the late .James S. McDonnell, Michael Witunski, 
and the James S. McDonnell Foundation for their generous financial support of my 
research over the past 12 years. I also wish to thank George Hansen, Norman Herz
berg. and Donald McCarthy for valuable comments on an e,1rlier draft of this paper. 
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This report describes an automated, computer-based experiment 
with an exceptional subject whose prior laboratory testing history 
indicates superior performance in precognitive as opposed to con
temporaneous ("real-time") psi tasks. The present experiment was 
designed to further- assess this participant's precognitive ability and 
to systematically compare his performance in precognitive and real
time target modes on a blind basis. 

Research Participant 

The participant in this study was Mr. Malcolm Bessent. Bessent, 
who resides with his family near London, England, is a businessman 
who first came to our attention in the late 1960s as a result of a · 
series of ostensibly precognitive dreams. Bessent came to the United 
States in 1969 lO participate in exptrime11tal studies of" his apparent 
psi abilities at Maimonides Medical Center. 

During the 1969 visit, lksse111 was the pen:ipicnl in two p1·ccog-
nitive dream experiments involving the use of EEG-REM monitor
ing techniques (Krippner, Ullman, & Honorton, 1971; Krippner, 
Honorro11, & Ullma11, 1!)72). Both studies involved eight pn•cog11i
tive dream sessions in which Bessent alle111p1ed to dream about sa
lient aspects of target material that would be randomly selected 
sometime after the nocturnal dream session by Maimonides staff 
personnel who were blind to Bessent's dream content. 

In the first study (Krippner et al., 1971), target experiences con
sisting of multisensory stimuli were created on the basis of a ran
domly selected word in Hall and Van de Castle's (1966) book, The 
Content Analysis of Dreams, which contains specific content items and 
frequencies for 500 male dream reports. The target episode was 
generated and p1eserrtearooessent upon his final awakening in the 
morning. Correspondences between dream transcripts for each of 
the eight nights and the eight target episodes were rated on a blind 
basis by three independent judges who had no other contact with 
the study. By chance alone, one would expect that the mean of the 

judges' ratings would result in one correct target-transcript pairing. 
The mean of the judges' ratings for the correct target-transcript 
pai1·s were higher than those for the incotTecl (decoy) 1·a1ings for 
five of the eight nights, a statistically significant result. 

The second precognitive dream study (Krippner et al., 1972) 
also involved eight precognitive dream sessions. The procedure dif
fered from the first study in the following respects: (a) the targets 

·.\ 
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were predefined audio-visual episodes involving thematically related 
slides and sound effects (e.g., slides of birds accompanied by an au
diotape of bird calls); (b) a complex randomization procedure was 
used lo sclccl an en11·y point into a random number !able to deter
mine the target episode; (c) the target that served as a precognitive 
influence on Bessent's dreams on odd-numbered nights served also 
as a presleep influence on the subsequent even-numbered nights, 
allowing comparison of precognitive and presleep sensory influences 
on Bessent's dream content; and (d) the target was selected and pre
sented to Bessent approximately 24 hours after commencement of 
the precognitive session. The judging procedure was similar to that 
used in the first study. The mean of the three judges' ratings for 
the precognitive nights again yielded a significant result with five 
direct bits. Interestingly, the results for the presleep sensory expo
s11 res yielded chance results. 

In a third precognition experiment involving a binary random 
number generator (Honorton, 1971), Bessent attempted to predict 
wlticl1 of two colored lamps would light afte1· he pressed the uuuo11 
associated with his choice. The RNG automatically registered the 
number of hits in each 16-trial run on a digital counter. In 15,360 
u·ials, Bessent obtained a statistically significant success rate of 
51.2%. . 

In addition to the precognition studies, Bessent was the percip
ient in two studies involving contemporaneous ("real-time") ESP. 
These included a long-distance real-time dream study (Krippner, 
·Honorton, & Ullman, l 973) and a study of "psychic" readings (Stan
ford & Palmer, 1973). In the 1973 Krippner et al. study, Bessent, 
sleeping in the Maimonides Dream Laboratory, attempted to drea~ 
about randomly selected target slides that were projected to audi
efteeS at eonee1 ts by the rnck g-rmrp "The Grateful Dead," held over 
a six-night period in Port Chester, NY, approximately 45 miles from 
the Maimonides Laboratory. The results were statistically significant, 
with four of the six sessions yielding direct hits. In the Stanford and 
Pal111e1· study, Bessent altemptecl to provide "psychic" 1·cadings for 
20 absentee target persons whose hair samples were used as token 
objects. Blind ratings of the readings intended for each target per
son were compared with the mean ratings of readings intended for 
three other target persons. Although an interesting post hoc finding 
relating to EEG alpha frequency was reported, Bessent's overall sue- · 
cess rate was rionsignificant. 

Table I stimmarizes Besscnt's ESP testing history. Column l 
gives the study reference. Column 2 indicates the apparent psi 
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·1·A111.1-: I 

SUMMARY OF 1'1u-:v1ous ESP EXI'ERll\lENTS WITH MALCOLM lh:ssENT 

Reference Mode 

Krippner et Precog. 
al., 1971 

Krippner et Precog. 
al.. 1972 

Hononon, Precog. 
1971 

Krippncr cl Rcal-1 imc 
al., 1\173 

Sl ;111 !"on I S.: lfr;il-ti111C' 

Palmer, 1973 

Prop. hits 
Description Trials MCE Obs. z p 

REM 
dream 
REM 
dream 
Binary 
RNG 
REM 
drcalll 
"l's>·d1i,· 
readings" 

8 

8 

15,360 

(i 

'.IO 

.125 .625 2. 70 .0035 

.125 .625 2.70 .0035 

.500 .512 2.89 .0020 

. I (;7 .(i(i7 '.!.0 I .O:!:!:! 

l.tn .W:.!I 

z (overall) = 4.15, p = 1.68 X 1-0-s. "fail-safe" 11 = 27 studies 
z (precognition) = 4.79, p = 8 x 10- 7 "fail-safe" 11 = 22 studies 

z (real-time) = 0.69, p = .244 
z,,;11 (1,,-ccog11itio11 vs. n:al-lime) = 2.15, /J = .0 H, lwo-lailcd 

Note. Probability estimates for the REM dream studies are exact //s based on the 
matching distribution. The results for the Stanford/Palmer study were based on a 
Wilcoxon matched-pairs signed-ranks test comparing the rating assigned to the cor
rect reading to the mean of three control readings. The resulting z score was not 
reported in the abstract. The author thanks Dr. Rex G. Stanford for providing this 
informal ion. 

mode (precognition or real-time ESP), and Column 3 gives a brief 
description of the study. The number of trials and the expected and 
observed proponion or hits arc given in Columns 11-G. Columns 7 
and 8 report the z score and one-tailed probability values associated 
with the observed success rate. An overall estimate of Bessent 's suc
cess rate was obtained by computing Stouffer z's (Mosteller & Bush, 
1954; Rosenthal, 1984) across all of the experiments, and separately 
for pn:eognitio11 a11d real-time c.:xpc.:1·i111c.:11ts. The.: "!"ail-sal"c.: 11's" esti

mate the number of unreported studies with z scores averaging zero 
that would he required to reduce th<' rcp<H"tcd ;: snll"1·s to 11<111si1;·
nificancc (Rosemhal, I ~)8,J ) . 

Bessenl's overall record o!' achievement is an impressive one: 
Statistically signilicant outcomes were obtaim:d in four or the live 
cxpcrimcnls, and he was more successful in prccog1111 ive I lia11 i11 
real-time ESP tasks. All three precog-nition experiments wc1·e signif
icant, and they yielded signilicantly higher overall z scmcs than did 
the experiments with contemporaneously existing targets. lt is note-

: . ~ 
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worthy that the three precognition experiments used very different 
procedures and methods. The two precognitive dream studies in
volved different target situations and randomization methods, and 
the precognitive guessing experiment was radically different from 
the dream studies. Across the three experiments, the latency be
tween Bessent's response and the generation of the target ranged 
from a few hundred milliseconds in the RNG study to over 24 hours 
in the second dream study. That ali three experiments yielded sim
ilarly signilica11t uutcumc.:s provides converging cvi<lc.:nce (Lykken, 

1968) that Bessent was demonstrating precognition. 
Bessent went into business a!"ter returning to England. Although 

he lllaint.aincd occa::;ional contact with Ille, he had 110 l'unhcr in
volV<'lll<'lll in pa1·apsychological 1Ts<>ard1 until the s11mm<T of I 987 
when a business trip to the United States provided an opportunity 
for a brief visit to the Psychophysical Research Laboratories (PRL). 
When asked why he has not been an active participant in psi re
search in the U.K., Bessent responded, "No one ever asked me." 

Bessent was 43 years of age at the time of his visit to PRL in July 
1987. Prior to the experiment, he completed a 55-item personal his
tory survey, the Participant Information Form (Psychophysical Re
search Laboratories, 1983), as well as Form F of the Myers-Briggs 
Type Indicator (Briggs & Myers, 1957; Myers, 1962) and the Per
sonality Assessment System (Saunders, 1986). The report on Bes
scnt's performance on the Personality Assessment System was not 
available at the time of this report. 

Participant Information Form (Plfi'). Bessent believes very strongly 
in the reality of psi and reports personal psi experiences in all fo1ir 

of the traditional categories (telepathy, clairvoyan~e, precognition, 
and PK). He has had extensive experience with various mental dis
ciplines including hypnosis, relaxation exercises, EEG and EMG bio
feedback training, and meditation. Although he describes his cur
r<"nt practice of meditation ;is spor:i<lic, at various times he has 
practiced meditation intensively. Bessent reports recalling specific 
dream co11le11t. i11cludi11!-{ lucid dreams, almost every day. He enjoys 
;1t.1ivi1ic:.. 1cq11i1i11g a11 i11volvc111c111 i11 la11La:..y and 1epo1ts tliat lie 

f"reque11tly loses awareness or his surrou11di11gs whrn he becomes in= 
volved in an activity. Bessent rates himself as outgoing and moder
ately competitive. 

Myers-13riggs Type Indicator (!vlBTI). ln Mye1·s-I3riggs typology, 
Bessent is dassiflcd as an Extraverted, I11t11i1ive, Thinking, Judging 
type (EN'l]). The continuous scores for the l<)Ur scales were: EI = 
77, SN = 139, TF = 95, and JP = 99. Because the cutoff for each 
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scale is I 00 with standard deviations of approximately 20, the "TJ" 
classification is equivocal and Bessent could as easily be classified as 
reflecting the "Feeling/Perceptive" temperament as "Thinking/] udg
ing." Strong cxtravc1·sio11 and intuition sco1·cs arc intcrpn:tcd as in
dicating a general orientation toward the external world and a pref
erence toward ,lllending to possibilities over actualities (Myers, 
1980). Myers describes intuitives as being "comparatively uninter
ested in sensory reports of things as they are. Instead, [they] listen 
for the intuitions that come up from their unconscious with enticing 
visions of possibilities" (Myers, 1980, p. 57). 

In addition to the experiment reported in this paper, Bessent 
participated in two ongoing group experiments and served as the 
:.ingk subj<;>cl in an RNG-PK expPrimC'nt. These expC'rimC'nts will he 
reported elsewhere. The present experiment was conducted be
tween July 14 and 17, 1987. 

METIIOD 

Hardware and Software System 

Computer System 
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noise components from each diode are coupled into LM3 l I com
parators, which perform the digitization of the random analog input 
noise voltages. The outputs of the comparators are 'LSfTTL com
pat ilile, and their 1·isetimcs ;11-c /"urll1e1· impn)Vcd by two successive ~ 
'LSfTTL buffers. The bitstreams are latched during periods free of '.g 
computer-generated EMI and fed into binary dividers to reduce O 
first-order effects (unbalance of l's or O's). The two data streams are ~ 
then combined in an exclusive-or (half-adder) circuit to further re- ~ 
duce first-order effects. The combined random digital data stream O ., 
is clocked inLO an eight-bit shift register at a bit rate given by the ;;o 
Apple clock divided by 32. Eight new data bits (a fresh data output *' 
byte) are accumulated at a rate of approximately 4 kHz (4,0001sec). : 
ln<lependent bits are available at apprnximatc:ly 32 kHz (32,000/sec). CD 

Appropriate 11Ilcring, decoupling, and shielding arc included on the ~ 
RNr. hn:1nl. Oon111w11t:1tion of the- :1dnp1;iry of the- RNr. as a so11rc<:> 8 
of' random 11u1nbcrs is prcsclllcd below i11 the Results scc1io11. g 
ESPerciser 

-..... co 

(') 

General description. ESPerciser® is an ESP testing system designed ~ 
as a hybrid between conventional forced-choice and free-response ~ 
ESP tasks. It combines the simplicity of evaluation associated with ~ 

forced-choice card-calling ESP tasks with the diversity of target ma- '?> 
The experiment was run on an Apple]( Plus computer equipped terial, emphasis on the individual trial, and deployment of cognitive g 

with 64 kilobytes of random access memory and two disk drives. strategics such as imagery usually found only in frce-1·esponse psi ~ 
The computer is connected lO an Okidata Microline u82A printc.:r tasks. The program enables systematic comparison of target m~de ~ 
through a parallPl i111c-rf:1cC' :111d In a I fl-inch Toshih:, colm· TV (dain,oy:,11cc a11d p1-c<"o!{t1itio11) a11cl n'SJH>llsr m<><k (g11C'ssi11g, f PPi- g 
through an RF modulator. The game controller, which provides the ing, impressions). w 
participant's sole mode of interaction wilh Lhe computer, is ,m Ap- The participant's task on each trial is to identify a randomly _se- g 
pie game paddle. lectcd larger from a "pack" containing the target and three decoys. 8 

~ Random Number Generator 
0 

There are 24 packs each consisting of four "cards" bearing,a wide g 
variety of graphic images including ESP card symbols and other ~ 
geometric forms, line drawings of people, animals, etc., and image- J:.. 
evoking words. A target pack is selected randomly on each trial 
without replacement; that is, a different target pack is used for each 

0 ..... 
J:.,. A PsiLab ][ random number generator (RNG) served as the ran

domness source for this experiment (Psychophysical Research Lab
oratories, 1985a). The RNG is a "Bierman-RIPP"-type RNG that has 
been component tested and modified to PRL specifications. The 
RNG circuitry is contained on a component board, which plugs into 
a peripheral expansion slot in the Apple JI computer. The hoard 
converts the analog noise voltage from two independent avalanche 
noise diodes into two digitized data bitstreams. The high frequ 7ucy 

trial within the run. The orde1· of presentation of the four card
images is randomly determined. At the beginning of each trial, the 
panicipant sees the ESPerciser "Impression Period Screen" shown in 
Figiu-e I. . 

The participant is free to take as much time as desired to form 
impressions' of the target. When he is ready to view the target pack, 
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~ Figure 1. 
co 

The computer screen during the "impression period." 

r, the participant presses a button on a game controller. The amount 
)> of time Lake11 prior to presentation or the target pack (lmpressio11 
;:b Period Latency) is measured by the computer for each triaL Figure 
~ 2 shows the Response Screen and a target pack. 
~ The participant uses a dial on the game controller to point to 
6 the card he believes is the target. A button-press then registers his 
~ response. The amount of time taken prior to registration of a re
~ sponse (Response Latency) is also measured for each trial. Prior to 
~ receiving feedback to the correct target, the participant uses the 
8 game controller to indicate whether his response was based on an g impression, a feeling, or a guess, defined for the participant as fol
o lows: 
(.) 
0 
0 
0 ..... 
.J:.. 

Impression: Your choice was based on a distinct cognitive impression such 
as an image or verbal association . 

Feeli11[.;: You had no cog-nitive impression, hut kit drawn to your choice. 

Guess: Your choice was based neither on an impression nor a l'ccling. 
You cannot identify any specific reason for your choice. 

Upon registering the type or response, the participant receives 
feedback to the correct target. Hits are rewarded with the word 

Precognition and H.eal-Time Pe1formance 

ESP @l"cis ~l" 1rr 
)) --.... --. ..,_,...,.._ ..,_,....._....,.._ .......... "'-~-"". ""·'"'-""· ~-_,.._ ... ~_ ,.. .... -.: 

* 
A 
V I 

ca 
m m 

l!J 
+ 

USE PADDLE TO POINT~ 
PRESS BUTTON TO SELECT. 
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Figure 2. The computer screen during the response period, in which four 
~~~~p~en~. · 

"I I IT" displayed pro111i11c11tly at the hotto111, the scn:c11 llaslies, a11d 
:appropriate sound effects are produced. 

The above process is repeated for each trial in a run. At the end 
of each run, the data are saved to disk and the participant is shown 
a Results Screen indicating the target mode (clairvoyance or precog
nition), the total number of hits, and a breakdown of trials and hits 
involving each of the three response types. The participant is then 
free to initiate another run by using the game controller to respond 
"Yes" to the prompt "Play again (Y/N)?" 

RNG usage. The RNG is used by ESPerciser to select the target 
mode (clairvoyance or precognition) at the beginning of each run. 
The target pack, pack presentation order; and the actual target ·are 
selected through RNG calls on a trial-by-trial basis. Each RNG call 
is based on a single BASIC PEEK to the RNG slot address. Within 
the run. ESP£'rri.1·£'r keeps track of which packs have already been 
used to insure that a different. pack is used on every t1·ial in the run. 
To reduce positional response biases, the targets arc presented in 
one of four randomly selected orders. In clairvoyance runs, the ac- · 
tual target is .. ~elected during the Impression Period, prior to pre
sentation of'the four target possibilities. In precognition runs, the 
target is selected after the participant makes his response and has 
indicated his·hasis for the response (guess, feelin~. impression). ' 
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S:curity. !here is only one legitimate way to .. exi~. ESPerciser and trial number, participant's response, target, judging sequence, re-
~hat 1s by _usmg the .. game controlle'.· _w respond No to the prnm1~1 sponse mode, impi·ession latency, and response latency. After the 
Play agam (YIN)? (When .a pa~·tJc1pant h_as completed the ma~1- file is written to disk, it is locked to prevent accidental deletion. 

mum number o_f games specified m the,?es1gn module of the Senes ESPerciser was designed by me and coded in Applesoft@ BASIC :t:=, 
Manager, described below, the prompt You have completed these- b H· 11 and me. Hansen was also responsible for the develop-"O 
. " . d' I d I . I . y anse "O -6" nes 1s 1sp aye and p~o~ram contro 1s returned to t 1e Sen~s ment and coding of several 6502 assembler routines, including a bi- 0 

-o Manager.) Safeguards bmlt mto the program control for the poss1- d t es ·on routine that allows the 96 graphics target < 
., b"I" h · · · h ·d 1 h . .11 II nary a a compr s1 CD o 1 1ty t at a part1C1pant m1g t acc1 enta ly or ot erw1se 1 ega y ter- d · t b t d ti d'sk a. < . . . . car tmages o e s ore compac y on 1 . 
CD mmate execuuon of the ESPerasrr prog1·;11n. A flag set al the begm- ~ 

~ ning of each run is written to a special disk file and, upon normal . ., 
o completion of the run, is reset. Any error condition, including an Senes Manager ~ ., -;;o illegal attempt to terminate the program by pressing control-C or . . . . re 
~ control-RESET, or removing the data disk before the data are General descnptzon. Senes Manaf!er is a password-protected, me1:u- t/1 

m stored, will cause the computer to "lock up" and trigger a security driven co:1trol program t~at prov1~es the only means through. which ~ 
CD alarm that can only be deactivated _by physically turning off the a_n expe~1menter may. ~ahdly ~pec1fy p~rameters for t~e senes de- g 
r-.> power to the computer. Any of the above maneuvers leave the error sign, register new part1opants m the senes, set up a session, and run ~ 
§ flag set and will cause the Series Manager, when next booted and ESP~rciser. The Series ~anager me?u is access_ed through entry of ~ 
o accessed via the experimenter's private password, to display the a pnvate (and nonechomg) passworcl. As descnbed above, the com- ..... 
~ message, "THERE IS A DISCREPANCY IN THE SYSTEM! [PAR- puter "locks up" and must be rebooted if an unauthorized password co 
co TICIPANT'S NAME] STARTED A GAME OF ESPERCISER AND is entered and fails three times. The ESPerciser Series Man·ager is an Q 
c, DID NOT FINISH IT!" This procedure effectively eliminates the adaptation of Series Manager programs used in the PRL PsiLab ][ t" 
)> following possibililics: (a) dial an incomplelc nm could he lcrmi- a11d autog:rnzfckJ experiments (I-lononon & Scl1ecl1lcr, 1987; Psy- ~ 
;;o nated without detection, (b) that program execution could be inter- chophysical Research Laboratories, 1985a). ~ 
~ rupted to !isl or alter the program code, (c) thal someone could pre- Design. The Design module prompL5 the experimenter to specify Cf> 
~ vent data from being properly recorded by either hitting reset at the (a) the type of series (Pilot, Screening, or Formal); (b) the maximum g 
bend of the game or by removing rhe dara disk before data arc re- number of nms per participant; (c) the maximum number of par- ~ 
~corded. If someone replaces the data disk with another to avoid sav- ticipants in the series; (d) the number of trials per run; and (e). the ~ 
gging "bad" data, that run's data will be missing from the official data series name. No provision is made for changing the Series Design g 
~disk and their absence will be readily detected. Computer "lock up" once accepted by the experimenter, and an subsequent alteration. ~ 
8also occurs from within the Series Manager if an unauthorized pass- m t 1e es1gn specifications would constitute a deliberate violatiqn of g 
~ord 1s enlered and fails three times. protocol. The design p,trameters arc saved in a disk file and are 8 
g File format. The data for each run are saved in a standard ASCII passed to the ESPerciser program at the beginning of each-session. g 
~ormat sequential disk file. The file name is concatenated from the Participant registration. This module prompts the experimenter to ~ 
§eries name, participant ID, run number, and series type_. (See fol- input the participant's last name, first initial, and participant iden- .J:,. 
-;1owing section on Series Manager for description of series type.) tification number. This module verifies that the maximum number 
~ach file includes a header section consisting of the series name, of participants specified in Design is not exceeded. (A "SERIES 

series lypc, experimenter, paniciparll icle11lificatio11 1111111ber, partici- FULL" message appears if an attcmpl is made lo register partici-
pant name, d~te, ~un n~mber, ta~get mode, trials per run, t?tal h!ts, pants exceeding the Design specification, and control is then re-
nun:iber ?f trrals 11~volvrng_ g11css11~g n·s_ponsP mc'.df',. 8"11c?sm_g_ l11ts, turned to tJrc Series Managc1· mc:1111.) 
fe_elmg m_als and hits, and 1mpress10n tnal_s and Juts. I he md~v1dual Directory. The Directory maintains a log of lhe number of runs 
tnal-by-tnal data follow the header and mclude for each tnal the compieted.'t>y each participant and the date of their last session. 
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S1~ssion srtuf,. The Setup module is entered when the experiment
er is ready to. initiate a session. The participant's name is input by 
the experimenter, and the module verifies that the participant has 
hee11 properly registen.:d a11d has 1101 alt-eady completed the 111axi
mum number of runs specified by the Series Design. 

)> Run ESPerci~er. This module runs an assembly language RNG 
'tl'erification routine to certify the presence of a PsiLab ][ RNG in the 
~pple computer. (Failure of the RNG verification test results in the 
~essage "NO RNG FOUND" and causes the computer to "lock 
&ip.") ESPerciser is loaded upon verification of the presence of a 
"lfsiLab ][ RNG. 
., The Series Manager was designed by me and was coded in Ap
iplesoft BASIC a11<l 0502 assembly language by Rick E. Berger and 
[me. ESPerciser-specific adaptations were made by Hansen. 
t/1 
(D 

I\) 
0 
0 Hcssr,1/ Dt'sig11 Sj1t'c'ijirntio11s 
~ 
~ The design of this experiment called for 'Bessent to complete 50 
'ct,ESPerciser runs in each series. The run size was set to 10 trials, and 
· · the number of participants per series was set to one. Thus, each 
~series consisted of 500 trials with an expected chance probability on 
;beach trial = .25. The series were defined as Formal. Two series 
O (MB l and MB2) were completed prior to Bessent's return to Lon
;g don. The above design specifications were input by me for each se
b ries while Bessent was in another room. 
0 ...... 
()C) 
CD 

~ Procedure 
0 
~ Prior to beginning Mill, Bessent was shown ESPerciser and was 
g allowed to do several preliminary runs in an informal PRL DEMO 
8 series to familiarize himself with the experimental task, use of the 
g game controller to register his responses and response type, the type 
~ of feedback provided for hits and misses, and the end-of-run feed
./:.. back. As with the DEMO series for other PRL computer experi-

ments, the DEMO series was defined as a Screening type series and 
was used exclusively for the purpose of showing the experiment to 
prospective new participants a11cl PRL visitors. 

Bessent was informed that the target for each trial would be se
lected by an electronic device in the computer and that his task 
would sometimes involve "real-time" ESP (i.e., clairvoyance) and, at 

,· 
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other times would involve preco!,{nition. He was 1-{iven a printed 
sheet defining the criteria to be used in labeling his responses as 
Guesses, Feeiings, or Impressions. Bessent was informed that mean 
chance expectation (MCE) was :.!.5 hits per run and that bis goal was 
to obtain as many hits as possible on each run. He was encouraged 
to take as much time as desired on each trial. He was further en
couraged to take coffee or cigarette breaks whenever he wished and 
not to do too many runs at any one time. 

Bessent received no technical information concerning the ESPer
ciser or Series Manager programs or the hardware RNG, nor did he 
at any time ask questions about or otherwise express interest in such 
matters. He was not informed of the security measures described 
above, nor was he informed concerning the manner in which data 
were saved, the type or number of data files, the file formats, and 
so on. At the time of this experiment, the only written description 
of ESPerciser was. a one-page, nontechnical account in the 1985 PRL 
1\nn1wl Hejmrl (Psychophysical Research Laboratories, l Y85b), which 
Bessent had not seen. 

Session Procedures 

The experiment was conducted in an experimental room, adja-

)> ,, ,, 
0 
< 
(D 
a. 
'Tl 
0 ., 
i 
iD 
II) 
t/1 
(D 

I\) 
0 
0 
(.) 

~ 
..,), 

()C) 

cent to the main PRL conference area. There are no windows in the () 
experimental room and only one exit, which opens to the confer- ji; 
ence area. Bessent sat in a comfortable reclining chair in front of ;b 
the Apple computer and color TV monitor. At the beginning of ~· 
each session, the overhead fl11orcsrcnt lights were turned off and ~ 
the room was illuminaLed by a desk lamp adjusted to avoid screen 6 
glare. -~ 

Bessent got coffee or engaged in conversation with PRL staff in g 
another room while I set up the session. When ESPerci~,er was ~ 
loaded and ready to run, I escorted Bessent ·to the experimental 8 
room. Bessent and I typically engaged in conversation for a few ~ 
minutes at the beginning of the session. When Bessent indicated his g 
readiness to begin, I sat silently to his left for the first run or two, ~ 
occasionally offering words of encouragement. I then left the room g 
while Bessent proceeded with the session. Either I or PRL staff per- T" 
so11ncl Marta Quant and Linda iv[oore occasionally came into th~ .i::,. 

room to see 'how Bessent was doing and to offer encouragement. 
Such visits ~ere frequent and unannounced. When Bessent was 
ready to quit for the day, he would come and get me, if I was. not 
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already present. I retrieved the J:'Sl',•rr:i.11•r systelll disk and tht· data 
disk and returned them to my oHice. Bessent and 1 then discussed 
the session and how Bessent thought he had done that day. 

Chronology 

MBJ. The first series was completed in the three-day period be
tween July 14 and 16, 1987. The results were analyzed on the after
noon of July 16. 

MB2. The second series was completed in a single two-hour ses
sion on Friday, July 17, 1987. Prior to beginning MB2, and while 
Bessent was out of the experimental room, I changed my password 
an<l made two modifications in the ESJJerciser program. The first 
modification. made at Bessent's request. ,auscd the program to 
print a hardcopy of the number of hits at the end of each run. Bes

"' sent requested this change so that he could keep track of his per
g formance from run to run. Following initial analysis of MB 1, Bes
~ sent knew that his precognition per·fonnance had been just one hit 
:e: shy of statistical significance and that his overall success rate was just 
~ three hits shy of significance. This was the only request for proce-

dural modification made by Ikssent during the course ol' the ex
~ periment. The second program modification changed the file-narn
;b ing prowcol so that shorter filenames (MBOI, MB02, ... MB50) 
O would be used. This replaced the rather awkward file-naming con
J vention involving concatenation of series name, participant identifi
~ cation number, run number, and series type and was done to ex
g pedite transfer of the files from the Apple to an MS-DOS computer 
~ at the end of the series. Bessent was not informed of the changes 
! in password and file-naming convention. 
0 
0 

5i Data Hamfti:ng 
0 
0 

8 Data handling was automated to eliminate any possibility of hu
g man recording errors and to facilitate analysis. At the end of each 
~series, the individual data files were 1ransfcrrcd from the Apple lf 
!.to a Leading Edge Model D MS-DOS computer using the Kermit 

protocol and a serial link between the two computers. A Microsoft 
Quickilasic p1·ng1·a111 11·a11.\lalccl Ilic s11111111a1-r ltc;ulc1· dala of rite i11 

dividual run files into records that could be read into a dBASE Ill 
Plus database file (BESSENT). A similar program translated the in
dividual trial-by-trial data into a second dBASE file (MBTR1AL), al
lowing analysis of the target sequence, response mode, success ~ate 
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l>y ta1-gc1 pack. impression period, and response period delays. 
Overall hit rate and hit rate by target and response type were ana
lyzed separately for the summary header and trial-by-trial data, and 
no discrepancies were found to exist between the two files. (~ 
should also be noted that there were no discrepancies in hit couq! 
between the disk files and printouts in MB2.) 0 

Statistical Analysis 

SamJ,le Size 

< 
(D 
a. 
"T1 
0 ., 
~ 
CD 
II) 

As stated above, the experimental design called for Bessent t~ 
crnnplete 50 runs or IO trials (i.e., a total of 500 trials) in each series"' 
Two series were completed prior to Bessent's return to London o~ 
July 19. There was absolutely no data selection, and the number o~ 
series was dependent solely on Bessent's flight schedule, which ha~ 
been aITanged prior to beginning the experiment. ~ 

(") 
Prrrlictions and P tanned Analyses ~ 

;;o 
On the basis of Bessent's prior experimental history, it was pre-0 

dieted that he would demonstrate significant above-chance hitting inJ 
the precognitive target mode and that his precognition performance 6 
would be significantly superior LO his performance in the clairvoy- ~ 
ance condition. ~ 

The planned analyses were limited to (a) exact one-tailed .bino- ;;o · 
mial probabilities (with p = .25 and q = .75) to test overall hitting g 
by target mode, and (b) an inde enden · ate the 5i --

1 erence between the mean run scores of the two target modes: g 
. 0 

The alpha level was set to p = .05, one-tailed. w 
0 ,, 

Exploratory Analyses 

111 addition 10 (he fon11al pbnncd analyses, a number· of cxplor·
atory analyses were anticipated. I was particularly interested in the 
relationship between Bessent's success rate and his mode of re
spow,c. BcL,tu~c uf Bc~~c11r"~ cat lic1 ~uu.c~~ i11 tlic f1 cc-1 c~puw,c 

dream studies, I expected that he might be particularly successful 
in responses based on imagery (i.e., cognitive impressions), but since 
he had al.so succeeded in a binary guessing task, there was really no 
adequate basis for formulating a prediction. I also expected that 

0 
0 .... 
.I::. 
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Bessent's performance would fluctuate with respect to the varying 
content and discriminabiiity of the target packs. Once again, there 
was no specific basis for predictions prior to the experiment. 

RESULTS 
)> 

"O 
~ Randomness Tests 
0 
< 
(D 
a. 
fflobal RNG Certification Runs 
0 ., 
;;o The RNG used in this experiment is PRL PsiLab ][ RNG #36. 
iNG #36 has undergone extensive global certification runs using 
efie PRL PsiLab }[ Random Analysis Protocol (Psychophysical Re
~arch Laboratories, 1985a, pp. 3-43) 'both prior to and following 
gie present experiment. The certification runs include both fre
~ency and serial analysis of RNG output generated automatically 
'.jith no one present. The programs used for this purpose were writ
;in in Applesoft BASIC and 6502 assembly language by Donald J. 
l1:cCarthy, Dept. of Mathematics and Computer Science, St. John's 
Wniversity, and were run on the Apple ]f Plus computer with the 
'J;tsiLab RNG board mounted in peripheral expansion slot #'1. 
~ Frequency analysis. FREQUENCY ANALYZER measures the de
Jree to which the byte values produced by the RNG match the ex
'i'ected distribution wherein each value (0-255) is equiprobable. In 
8ddition to the full breakdown using- all 256 values individually, 
ofREQUENCY ANALYZER examines the effect of grouping a~ja
;8ent values into 2, 4, and 16 cells. (The present experiment, for ex
gimpl<', prncl11,<'cl t:11'!{<'1 ,·al11Ps hclW<'"" I :incl ,1 hy divicli111-, thP l,)·t,· 

~nto four equiprobable parts.) Chi-square and Kolmogorov-Smirnov 
gK-S) tests arc cakulatccl !'or each or thc !'our cell breakdown.~. The 
cthi-square test examines the extent to which the RNG has produced 
~n equal distribution of values for each cell breakdown. The K-S 
&est (Knuth, 1981) is a "goodness of fit" test and measures the de
~ree to which the observed distribution of chi-square samples for 

each cell breakdown deviates from the theoretical distribution. A to
tal of 300 s;imples each consisting of" 20,000 FREQUENCY ANA
LYZER trials (i.e., a grand total of 6 x lOtl bytes) have been col
lected on RNG #36. Neither the overall chi-square nor the sample
based K-S tests revealed any consistclll <lcpanu res from the ex
pected distributions. 

; . ~ 
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Serial analysis. SERIAL YZER performs a generalized Serial test 
(Good, 1953, 1957) on the RNG bitstream. This test assesses the ex
tent to which successive bits produced by the RNG are independent, 
that is, devoid of predictable patterns. This type of analysis is par
ticularly important in experiments such as the present one, in which 
pa1·ticipants receive trial-by-trial feedback. It is.possible that a target 
generator could appear quite random by the simpler tests for equi
probable frequency of targets yet produce sequential dependencies )> 

(e.g., a tendency for 3's to follow l's) that might lead a participant "O 

unconsciously or otherwise to a spuriously significant success rate. ~ 
SERIALYZER examines the RNG bitstream for serial patterns to a ~ 
depth of 8 bits. The output of the analysis is a chi-square test for ~ 
each of the three serial depths examined (2, 4, and 8 bits). As with ci' 
the frequency analysis, the results are summarized by a Kolmogo- ., 
rov-Smirnov test that assesses their "goodness of fit" to the expected ~ 
distribution of chi-square values. A Runs Test is also produced for iD 
each sample and summarized by a K-S analysis. A total of 400 sam- : 
pies each consisting of 20,000 SERIALYZER trials (i.e., a grand total ~ 
of 8 X lOG bits) have been collected on RNG #36. Neither the over- g 
all chi-square tests nor the sample-based K-S tests revealed any con- ~ 
sistent departures from the expected distributions. ~ ...... 

co 
Tests of the Experimental Target Sequence 

() 

In addition to the global RNG certification runs, the actual target~ 
sequence for the Bessent experiment was subjected to a number of o 
randomness tests to insure proper functioning of the RNG during ;:g 
the experiment. Cf> 

Distribution of targets. A chi-square test of the' distribution of tar-8 
!:;Cl:i i11dic.1Lc:i tii.1l the target v.duc:, ( I -·I) we, c u11il'u1 mly Ji;,u il.J~~ 

uted. The x2 with 3 1f is 3.68, /1 == .298. ~ 
Tests ji1r sequential de/mt1l1mcy. As indicated in the discussion of theg 

global RNG certification runs, the assessment of potential sequential~ 
dependencies is particularly important in ESP experiments whereg 
participants receive trial-by-trial feedback. The 1,000-trial target se-8 
quence was subjected to an autocorrelation analysis using V ersior:g 
3.0 of the SYSTAT statistics package (Wilkinson, 1986). The auto~ 
co1Tclation a11,tlysis was performed with lags l'ro111 I LO 9 trials. Th~ 

analysis (Table 2) revealed no evidence of sequential dependencies. 
Emj1i~r'al rross-chrch control. Hyman has recently advocated em

pirical cross-checks as a method for assessing target randomness in 
ESP experiments (I-I yman & Honorton, 1986). Such analyses were 
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TAIII.E ~ 

AUTOCORRELATION OF 1,000-TRJAL TARGET SEQUENCE 

Lag 

2 
3 
4 
5 
6 
7 
8 
9 

Correlation 

. O:!li 

-.032 
-.021 

.044 
-.041 
-.026 

.051 

.014 
-.054 

Standard error 

.O;I:! 

.032 

.032 

.032 

.032 

.032 

.032 

.0:12 

.032 
iD----------------------------
11) 

~ frequently performed in conjunction with the early card-guessing 
~experiments (Pratt et aL, 1940/1966). The cross-check control was 
3I?erformed by matching Bessent's responses on run n against targets 
afor run n + I. This yielded a nonsignificant hit rate of .260 (z = 
~.70, p = .243, one-tailed). The associated effect size (Cohen's h; 
ccCohen, 1977, pp. 179-213) is 0.02. Figure 3 shows the outcome of 
(ihe cross-check contn>I in rhe form of a cum11l;11ivc dcvia1io11 g1·aph 
:j;Vith trend lines indicating the .05, .0 l, and .0013 alpha levels (i~., 
;b: scores of 1.65, 2.33, and 3.00, respectively). 
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Figure 4. Precognition mode results. 8 -0 
quate source of random numbers and was functioning properly ~ 
during the experiment. ~ 

l~xj)(irimnital R rsults 

Planned Analyses 

() 
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b 
Iummary b Precognitive target mode. As predicted, Bessent's precognition per-

~ The randomness tests and empirical cross-check control indicate formancc was statistically significant. Forty-nine runs (490 trials) i11-
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CD 
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ffi1at the target generator used in this experiment provides an ade- volved the precognitive target mode where the actual target for each 
;;o trial was randomly selected after registration of Bessent's response. 
g ·1 Thc--44s<.~-'fl prnportion of hits w,1s .304 and 1s associated with a. 
~ 1 one-tailed exact binomial p = .0039. This outcome is reliably above 
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Figure :I. Empi,·ical ,..-oss-d,cck co111 ml. 

terval, which gives .272 as an estimate of the lower limit of'the true 
population mean. The associated effect size is 0.12. Figure 4 shows 
the outcome of the precognition runs in the form of a cumulative 
deviation graph. 

Clairvoyance target mode. Fifty-one nins (510 trials) involved the 
clairvoyance target mode in which the target for each trial was ran
domly sdcctcd prior 1.0 Bessenl's response. They yielded a nonsig
nificanl suc.ccss rate of .259 (exact binomial /J = .'.H. i = .42). The 
effect size is .02. Figure 5 shows the outcome of the clairvoyance runs 
in the form· of a cumulative deviation graph. 

Table 3 summarizes the results of this experiment by series and 
target mode. 

J:.. 
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Precognition vs. clairvoyance. Bessent's success rate in the precog
nition runs was, as predicted, significantly higher than in the clair
voyance runs: t (98) = I. 7 I, p = .045, one-tailed. The mean run score 
for the precognition runs was 3.041 (SD = 1.353), and the mean run 
score for the clairvoyance runs was 2.588 (SD = 1.299). The effect 
size index (r) associated with this difference is . I 7. 

Exploratory Analyses 

Overall results. As shown in the last row of Table 3, the overall 
results of the l ,000-trial experiment, combining the precognition and 

TABLE 3 
OVERALL RESULTS 

Prop. Effect 
Target mode Trials Hits hits Run SD z p size (h) 

Precognition 
Series I 270 79 .293 1.49 1.53 .063 .10 
Series 2 220 70 .318 1.18 2.21 .013 .15 

Total ·l!lO l·l!l .:l(J.t 1.:1:, :.!.(i(i .00:1!> . I:! 
Clairvoyance 

Series 1 230 60 .261 1.34 .32 .38 .02 
Series 2 280 72 .257 1.29 .23 .41 .02 

Total 510 132 .259 1.30 .42 .34 .02 

Grand total 1,000 281 .281 1.34 2.20 .014 .07 

Note. All /1 values arc rxac! nnc-1ailcd binomial prnhahilitics with /1 = .2:> and q =c .. 7:>. 
z scores arc b,1scd 011 the exact p's. ' 

.. 
: . ~ 

l 
jj 
"' .::: 
;;; 
:5 
E 
::, 
u 

Pn•rog-11.ition and R1•a1-Timl' l'r.1fon11a11c1• 

. '\ ' -
\ 

·1111111111111111111111111111111111111111111111111111111111111m1111m11111111111111111111111111111 

Run 

311 

.0013 

.01 

.05 

MCE 

)> ,, ,, 
0 
< 
(D 
a. 
'Tl 
0 ., 
~ Figure (i. Uver;,11 l'e~ulLs. 

CD 
clairvoyance runs, were statistically significant (exact binomial p =: 
.014, one-tailed). The overall proportion of hits, .281, is reliably above CD 

the expected chance rate of .25 on a one-tailed 95% confidence in-~ 
terval, which gives .258 as an estimate of the lower limit-of the true~ 
population mean. Figure 6 shows the overall results in the form of ag 
cumulative deviation graph. The distribution of scores is presented::.: 
in Table ,1. ~ 

Response mode. As shown in Table 5, Bessent's successful precogQ 
nitive performance occurred largely on trials in which his response~ 
were labeled as cognitive impressions rather than feelings or guesses~ 
The impression response effect size is approximately double that as-'O 
sociated with feeling and guessing responses. Bessent characterize~ 
his impression responses as involving fleeting iu1ages of shapes. H<P 
made responses based on impressions in all of the runs, and the~ 
account for approximately two thirds of his responses. Responsew 
based on feelings occurred in 88 of the 100 runs and account for 27c;ig 
of the total trials. Only 28 runs included responses labeled ~is guesse~ 
and they account fo1· less than 7% of the o·ials. Bessent chose "l" ,is 

TABLE 4 
Rt IN Scrnu: D1sT1rn1t ITtON 

Target Run score 

mode 0 1 2 3 4 

Precognition 1 4 14 13 8 
Clairvoyance 2 IO 12 13 II 

Total 3 14 2G 2li 19 

5 6 

8 1 
3 0 

II 1 

0 
0 
(.,) 
0 
0 

.... 
I 

.,::,. 
Total 

149 
132 

281 
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TABLE :i 
RESULTS BY TAl{(;l·:T J\NI) RESPONSE Mom•: 

Target/ J'rop. Effccl 
response modes Trials Hits hits SD z /1 size (It) 

~- .. "O ·c>r prccogr111m11 
"O Guess 32 9 .281 .457 .24 .405 .07 ., 
0 Feeling l:Hi 39 .287 .454 .89 .187 .08 < 
CD I III prcssiorr 
~or clairvoyance 

:I:!~ IOI .:11•1 .•lti5 ~.!i~ .0():,() .1·1 

~ Guess 34 7 .206 A JO -.78 .782 -.JI 
;;o Feeling 134 37 .276 .449 .61 .271 .06 
~ Impression 342 88 .257 .438 .26 .397 .02 

l»,'ote. All /1 values are exacl one-tailed binomial probabliries wirh /1 = .2:i and :t = .75. The z scores arc based on the exact.f!'s. 
0 
@s response i11 all {j(j of the trials labeled as guesses, indicating thar 
~ used the guess category as a null response or "pass" option. 
~ Impression latency. Bessent formed impressions and made his re
~onses quickly. Impression latency, the period from the beginning 
rl" the trial to presentation of the target pack, displayed strong vari
~ility, and four trials that were extreme ouLliers were eliminated for 
CDe following analyses. Impression latency averaged 5.46 sedtrial (SD 
~ 3.67 sec). Trials involving impression responses were associated 
,fflth significantly shorter impression periods than trials involving feel
i§5 or guess responses (Mann-Whitney U Test, z = 2.08, /1 = .038, 
t"Wo-taile<l). llesse11t showed a geueral tc11dc11cy toward shul'ler 
i;pression periods as the experiment progressed. This is reflected 
~h at the level of the run (Kruskal-Wallis one-way ANOVA by 
J8nks, 2 99 = 25 > • • • he I llli ,ti lite 1ri,c.-11lHl~c""'v-;:"di------

( ·uskal-Wallis one-way ANOVA by Ranks, l[9J = 16.8, /' = .05~). 
1apression latency did not vary significanrJy in relation to hiuiug or 
t.gget mode. 

':3..Response latency. Bessent's response latency, the period between his 
iqj,tial exposure to the target pack and registration of a response, also 
showed considerable variability, and the six trials representing the 
most extr<'lll<' 011tliC'rs W<'r<' r<'movcd for the following analvscs. lfr
sponse latency averaged 5.50 sedtrial (SD = .81). In the precognitive 
target mode, Bcssc11L Look sig11ifiewtly louga to make his l'cspo11se 
on trials resulting in hits than on t1·ials resulting in misses (Ma1111-
Whitney U Test, z = 2.58, /J = .OJ, two-tailed). In the clairvoyance 
target mode, Bessent took slightly more time to make responses re-;-

'.,,· 
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taq,?;<'t mode, Bessent took sli~htly more time to make responses 1·c
sulting in misses than hits (Mann-Whitney U Test, z = -0.27, p = 
. 787, l wo-tailed). The c01Tdatio11 bet ween response latency and 
impression latency was close to zero (r = - .017, t[992] = - .54, p = 
.589, two-tailed). 

J'tugets. A chi-square test of the distributio11 of target packs indi
cates that the packs (l-21) were uniformly distributed: /(23) = 

~ 
"O 
"O 

0 
< 
(D 
a. 

I :i. I 0, /1 = .891. As described eadie1·. the 21 target packs contain ;1 "Tl 

wide variety of images ranging from geometric forms such as the g 
standard ESP card symbols to complex drawings of the type commonly ~ 
used in free-response experiments. Although a one-way ANOV A on iD 
the proportion of hits per pack was nonsignificant (F [l,23] = 1.39, : 
jJ = .251 ), Bcsscnt's scoring rate ranged from a low of .07 to a high ~ 
of .13, and the variabilily of scoring across the 24 packs was sugges- g 
riv!'ly high (B:u-tkrr's Tf'st for f-fornog<'ncity of Grn11p Variances. ~ 

yielding- x~12:)J = :)2.1'1, /1 = .091). To assess lkssent's scoring con- i 
sistency in the two target modes, a Pearson correlation was calculated ~ 
between the effect size (h) for each pack in the two target modes. The co 
resulting r = .342 (t[22] = I. 71, j1 = .051, one-tailed) indicates that 
Bessent exhibited similar scoring patterns on the packs in. the two 
laq{Ct 111\)dCs. 
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Stability of peiformance. Bessent's precognition mode performance 
was stable across the two experimental series, and there is no evidence 
supporting either learning or decline effects. Although inspection of 
the first two rows of Table 3 indicates that Bessent improved slightly 
from Sc1·ics I to Series 2, wirh a 2.:i percent. g-ain in mean hit ,·ate 
and a suggestive, though nonsignificant, decrease in run score vari
ability (F [26,21 J = 1.59, p = .141 ), the correlatioQ between reco -

er 1s c ose to zero: r = .0496, t (47) = 

DISCUSSION 

Two fonual predictions were made prior lO beginning the data 
collection phase of this experiment: (a) Bessent would demonstrate 
.'>lali.~ricall)' :-aigrrific;11rl ;tl,nvr d1:i11n· •wll1·irrg irr rlir pr'<'<1>gr1i1io11 1:i1·gr1 

mode; and (b) his precognitive mode performance would be signifi
cantly superior to his performance in the clairvoyance target mode. 
Both predictions were coufirmed. 

In this section, I consider various rival hypotheses that might ac
count fo1· the experimental outcome, the degree to which the present 
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experiment viewed in conjunction with the earlier Bessent studies 
constitutes evidence for noninferentiai precognition, and directions 
for future research suggested by the exploratory analyses. 

Rival Hypotheses 

0 
< Sensory Cues 
(D -
Q. 

ci' Targets in the real-time clairvoyance mode are stored in computer 
., memory, resulting in a small change in the electromagnetic field. 
'?/1 Although it is highly unlikely that the human organism is sensitive to 
re such minute fluctuations, this possibility cannot at present be com
"' pletely excluded. Sensory leakage is .completely ruled out as an ex
~ planation for Bessent's precognitive mode performance, however, be
g cause he could hardly gain sensory cues from targets that were selected 
~ only after he registered his response. 
0 
:e: 
~ Faulty Randomization 
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Five different tests have been presented to document both the 
general adequacy of the RNG and its proper functioning during the 
experiment. Extensive global certification runs performed both prior 
to and following the present experiment indicate that the RNG fre
quency di.~trihution is wdl within d1:111n· limits :ind provides 110 t·vi
dence of sequential dependencies. Tests or the tar~et sequence used 
i11 the experiment demonstrate that tlH.: a<.:tual targets were u11il"onnly 
distributed and revealed no evidence of sequential dependencies. The 
empirical cross-check control, advocated by Hyman, failed to reveal 
any tendency for Bessent's responses to coincide with targets for which 
they were not intended. We conclude that the observed experimental 
outcome cannot be attributed to faulty randomization. 

Data Handling Errors 

Automated registration of targets, responses, the checking of hits, 
and data handling eliminates motivated human checking and record
ing errors as a basis for explaining the observed experimental out
come. I ndependcnt reanalysis of the t1·ial-by-trial target and response 
data confirmed the summary run hit counts, thus rendering untenable 
the possibility of machine count in~ errors. 

··' 
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Data Sdu:tion Bias and Multif,le Ana6•sis 

The sample size para1ll(:te1·s (number oC panicipants, n:ns, and 
run size) for each series, as well as the Formal status of the series, 
were specified in advance and stored in a computer disk file as re
quired by the Series Manager protocol. Program error-checking rou
tines insured that these parameters were not exceeded. The number 
of series, although not specified in advance, was dictated solely on the )> 

basis of Bessent's travel plans, which were made prior to the exper- ::g 
. ime11l. The second and fi11al series was completed on a Friday morn- o 
ing, and that afternoon was taken up with a visit from the author ~ 
Arthur M. Young and members of the Princeton University Engi- a. 

. A 1· "Tl neermg noma 1es group. o 
Advance specification of formal predictions and methods of analy- i, 

sis obviates problems involving multiple statistical analyses or multiple ~ 
. d" (D m ICes. : 

(D 

D . "-> eceptzon o 
0 
c., -It is unfortunately true that psi researchers have been octasionally ~ 

deceived by dishonest participants. Experiments involving a small ::.: 
number of selected individuals arc particularly vulnerable to the pos- ~ 
sibility of subject deception, and when such experiments are successful Q 
and are relatively free of more prosaic threats to validity, suspicion oft'° 
subject deception is probably inevitable. For these reasons, I believe~ 
this report would be i11co111plete without so111e explicit assess111ent or"tl 

, CD 
the likelihood ol" sultiect dcccptio11. Cf> 

Even though computer-based experiments ·such as ESPerciser8 
eliminate many known sources of human error, they provide no guar-·~ 
antee against the possibility of deliberate deception. The many media~ 
accounts of computer crime and of ha<:kers breaking into s~pposedlyg 
secure government computers attest to this fact. Deception in exper-~ 
imcnts of this type does, however, require specialized expertise,g 
knowledge of the particular hardware and software systems used, and8 
access to those systems. g 

In assessing the likelihood of deception, one must consider a num-~ 
ber of issues. These include the participant's prior history, motivation~ 
and technical expertise; opportunities for advance or in situ prepa
ration; the' availability of accomplices; likely methods for deception 
within a specific research context; and whether there is any positive 
l'videna consistent with actual or attempted deception. 



316 The Journal of Parapsychology 

In the 18 years since Bessent first became a research participant 
in parapsychology, no doubt has ever been raised concerning his 
integrity. No investigator who has worked with Bessent has ever qucs
Lioned his reliability 01· trnst.worthiness. 111 working with 111e, Besse111 
has always been cooperative and has never attempted to dictate or 

-6" otherwise exert an influence on experimental protocol; indeed, J can
~ not recall Bessent ever expressing interest in details of experimental 
~ protocol. Bessent is humanistically rather than technically inclined 
[ and is rather easily bored by details. According to his own testimony, 
.,he has no training or expertise in engineering, computer program
~ ming, statistics, or coajuring. I am not aware of anything that would 
;;ocontradict this, and neither I nor other members of the PRL staff 
iSobserved anything during Bessent's visit that would suggest otherwise. 
: Bessent visited PRL at his own expense and was not paid for his 
CD participation in this experiment. Bessent's best guess, prior to arriving 
~t PRL, was that he would participate in ·psi ganzfeld experiments and 
~si experiments "involving computers." He did not receive any de
~ailed information from me prior to his visit regarding current PRL 
~xperiments, and, as stated earlier, no detailed description of the 
':11;SPerciser program existed prior to this report. Besides PRL, Bessent 
~as not visited any other psi research centers that have PRL's PsiLab 
'l!l testing package and might have provided a basis for advance in
~rmation concerning the RNG or Series Manager program. 
""C During his visit, Bessent was my house guest and had access to 
iRL only through me. I did not have an Apple computer, PsiLab ][, 
8r ESPerciser software or documentation at home during Bessent's 
oPY· The program and data disks were kept in my PRL office between 
issions. Bessent occupied an empty office at PRL and spent his time 
aading or in conversation with staff when not engaged in the ex
~riment. No experiment-related materia!s were in the office. At no 
tz,ne was Bessent observed in areas of the laboratory where he had 
eh reason to be. 
~ Opportunities for consorting with potential accomplices were ex
~mely limited. With one exception, Bessent took his meals with me 
~ery day during his visit and depended on me for transportation. 
fhe exception was July 15, when Bessent went to New York to visit 
Eileen and Lisette Coly at the Parapsychology Foundation. Bessent 
had no guests or other visitors during his stay in the Princeton area. 
Examination of the PRL and my oJn residence telephone bills during 
Bessent's visit reveals no out-going calls that are not fully accounted 
for, and no one at PRL recalls any incoming phone calls for Bessent 
that were not accounted for. (I have a telephone by my bed and would 
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have been aroused had any calls come at home while I was sleeping.) 
Bessent did not send or receive any mail that could have contained 
computer diskettes, program listings, or documentation. 

To account for lire observed cxpcri111e1llal results 011 the basis of :t:=, 
deception, it would be necessary to assume that cit.her Bessent or an 'O 

accomplice had extensive knowledge of Applesoft BASIC (and for~ 
certain scenarios, 6502 assembly language), access to the ESPerciser ~ 
system disk, and time to learn the code and try different possibilities. [ 
That the experiment was conducted over a four-day period constrains "Tl 

the time potentially available for extended tinkering. g 
The results of the randomness tests conducted on the actual target ~ 

sequence eliminates any method based on physical intervention with iD 
the RNG, for example, forcing the nonrandom occurrence of certain : 
target values or pairings that could later be matched by appropriate ~ 
n:spouscs. If additioual data disks with files containing "good" runs o 
had somehow been prepared in advance and later substituted for or ~ 
copied onto the official data disk, the culprit would have encountered i 
the unexpected change in filenaming format introduced by me with- ::.:: 
out Bessent's knowledge immediately prior to the two-hour session 

00 

that comprised series MB2. Upon discovery of this change, the culprit Q 
would have had to individually unlock, rename, and relock the copied ~ 
c>1· substiwted files. He or she would then have to resort the disk ~ 
directory so that the files would appear in chronological order, and ""C 

this would require a special disk utility. To successfully modify data ~ 
files, a text editor would have been necessary and changes would have 6 
had to be made in three separate places for each modified hit count: ~ 
(a) summary hit count, (b) summary hits by response type count, and ~ 
(c) the trial-by-trial target or response data. Any substitutions, copying ~ · 
or editing of files, or other attempted manipulatipns during the ex- 8 
perimental session would have had to occm wirh the knowledge that . ~ 
I or other members of the PRL staff could walk in at any time .. Of g 
the 12 experimental runs yielding 5 or more hits, 4 were observed by ~ 
me and 3 by Quant (including the single run of 6 hits). I waS' present g 
at the beginning of both sc,-ics, and Quant was present when Bessent T' 
finished series MB2. The ESPerciser!Series Manager security system, .llo,, 

about which Bessent had not been informed, was not activated at any 
time, and no procedural irregularities were observed during the 
course of the experiment. 

Precognition 

The experimental results provide further support for the exis
tence of a communications anomaly involving noninferential pi;-ecog-
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nition. This is the fo11 rt h experime11t i11volving precognit io11 tasks with 
Bessent. Each experiment has had a different methodology: Four 
distinct methods of randomization have been used, including two 
different, complex procedures for gaining entry points in random 
number tables and two automated procedures involving different 
hardware random number generators; the tasks have varied from 

:t>dream-generated free-response imagery matched against multi-sen
-osory target ensembles by independent blind judges to forced-choice 
~matching of waking state guesses or impressions against machine
~selected random numbers represented by lights or images; the latency 
~etween response and target selection has varied from a few hundred 
~illiseconds to over 24 hours. All four experiments have yielded 
., statistically significant outcomes, and the combined result is associated 
~with a z score of 5.4 7 (j, = 2. 26 x I o-H). 
iD 
II) 
t/1 
CD Precognition vs. Real-Time Psi Performance 
r-J 

g Bessent was not informed of my prediction that he would display 
asuperior performance in the precognition mode, but he was certainly 
:e:aware of his own prior research history. Nevertheless, Bessent strongly 
~believes his abilities include contemporaneous psi functioning as well 

0as precognition, and his superior performance in precognitive psi 
)>tasks is not likely to be based on any conscious bias toward precog
;:b nition. Such bias could ilot, in any case, account for his differential 
CJ performance in the present experiment because the target mode was 
~ selected randomly on a run-by-run basis and he was blind to the target 
6 mode until the end of each run. It is unclear whether the systematic 
~ difference observed between precognitive and clairvoyance tasks re
co Aects a fundamental difference in psi modalities or is li11k!'d to in
~ dividual differences in cognitive style as suggested in Isabelle Myers's 
g (1980, p. 57) discussion of the tendency for MBTI-defined intuitives 
~ to be more strongly oriented toward possibilities 1·athcr than actu;d
g ities. Certainly the present study, along with Bessent's prior expcri-
8 mental history, calls into question the generalizability of Tart's (1983) 
g conclusion that precognition does not work as well as real-time ESP 
~ and suggests the need for further systematic comparisons of different 
J:.,. psi modalities. 

Pl'r{onnrma and Co,1.,11,itiv,, Stra1,,1;il's 

Bessent was most successful in trials involving cognitive impres
sions. The effect size achieved 011 p1·ecog11itive i111p1-cssion trials was 

;.' 
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nearly double that obtained 011 trials based 011 l'ecli11gs. (As indicated 
earlier, Bessent <:hose to use the "guess" category essentially as a no
response "pass option.") This result is consistent with earlier work 
involving confidence calls and suggests that participants can to some 
extent discriminate between internal cues associated with hits and 
misses (e.g., McCollum & Honorton, 1973). Future research will be 
necessary to determine whether impressions are generally more ac
curate than other types of responses or, as seems more likely, thaip 
optimal response modalities are related to individual differences i~ 
cognitive style. ~ 
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ADVANCES IN REMOTE-VIEWING 
ANALYSIS 

BY EDWIN C. MAY, JESSICA M. UTI'S, BEVERLY S. HUMPHREY, 

WANDA L. w. LUKE, THANE J. FRIVOLD, AND Vrn.(;INIA V. TRASK 

ABSTRACT: Fuzzy set technology is applied to the ongoing research question of 
how to automate the analysis of remote-viewing data. Fuzzy sets were invented to 
describe, in a formal way, the subjectivity inherent in human reasoning. Applied 
to remote-viewing analysis, the technique involves a quantitative encoding of target 
and response material and pro,•idcs a formal comparison. In this prog,·ess n,po1·1, 
the accuracy of a response is defined as the percent of the intended target material 
that is described correctly. The reliability is defined as the percent of the response 
that was correct. The assessment of the remote-viewing quality is defined as the 
product of accur.i.cy and reliability, called the figure of merit. The procedure is 
applied to a test set of six remote-viewing trials. A comparison of the figures of 
merit with the subjective assessments of 37 independent analysts shows good 
agreement. The fuzzy set technology is also used to provide a quantitative defini
tion of target orthogonality. 

Human analysts are commonly used to evaluate free-response 
data. Although there arc many variations, the basic idea is that an 
analyst, who is blind to the actual result, is presented with a re
sponse and a number of target possibilities, one of which is the in
tended target. The analyst's task is to decide what is the best re
sponse/target match, and frequently includes rank-ordering the 
targets from best to worst correspondence with the response. It is 
beyond the scope of this report to provide a critical review of the 
extensive literature on this topic. 

One aspect, however, of this type of evaluation is that analysts 
are required to mak<' ~Johal j11d1,;m('nts ;ihout tlw ov('rall match lw
tween a complex target (e.g., a photograph of a natural scene) and 
an equally complex response (e.g., written words and drawings). In 
a recent book, Dawes ( 1988) has discussed various decision algo
rithms in general and the difficulty with global techniques, such as 
those used in rank-order evaluation, in particular. 1 According to 
Dawes, the research re.suits suggest that global decisions of this type 
arc not as good as those based on smaller subclements that are later 

' We are indebted to Professor D. llem, Cornell University, for directing us to 
this valuable source of information. 
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combined. (See Dawes, I 988, chap. I 0, for references to the re- 1976). This paper outlines some of the progress and presents the 
search.) Humans appear to be capable of deciding what the appro- details for one particular method. 2 

priate variables should be in comple~ ~ecision proc~sses, but t~ey . 1:'wo basic questions are_ inherent in the analysis of an~ remote-
have proved to be unreliable at combmmg the~e variables to arriv_e v1ewmg da_ta, namely, how 1s the target defined, and how 1s the re-
at a single decision. Linear algorithms arc consistently bett~r at tlus sponsc defmed. 
latter task. Therefore, it seems prudent to develop evaluat10n tech- In a typical outbound RV experiment, definitions of target and 
nigues that are less sensitiv~ t~ globa~ ?ecision processes and rely on response a~e parti~ularly difficult to ac~ieve. The protocol for such 
combinations of more restrictive dec1s1ons. an experiment dictates that an experimenter travel to some ran-

Honorton (1975) has pointed out an additional difficulty inher- domly chosen location at a prearranged time; a viewer's task is to 
eilt in a global rank-order approach. Asking an analyst to rank- describe that location. One method of trying to assess the quality of 
order a small set of target possibilities converts the free-response the RV descriptions in a series of trials is to require that an analyst 
experiment into a forced-choice one, at least on !he. pa~t of the ~n- visit each of the sites and attempt to match responses to them. While 
alyst. It is obvious· that in doing so, much quantitative mformauon standing at a site, the analyst has to determine not only the bounds 
is Jost. For example, a near perfect correspondence between re- of the site, but also the site details that are to be included in the 
sponse and target will receive only as much "credit" as o~e. t~~t just analysis. For example, if the target location was the Golden Gate 
barely allowed an analyst to discrimi:1~te among the f:>Ossibihues.. Bridge, the analyst would have to determine whether the buildings 

If multiple analysts are used, add1t10n probl~ms arise concernmg of downtown San Francisco, which are clearly and prominently vis-
interanalyst reliability. If an individual ~nalyst Judges a nu~b~r _of ible from the bridge, were to be considered part of the target. The 
responses in a series, within-analyst consistency becomes an mdivid- · RV response to the Golden Gate Bridge target could be equally 
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ual problem. . . . d troublesome, because responses of this sort are typically 15 pages of Q 
To address these d1fficult1e~, various computer-automate . pro- dream-like free associations. A reasonable description of the bridge t" 

Q cedures have been suggested m a? ~ttempt to re~uce the mter- miuht be contained in the response; it might be obfuscated, how- ~ 
.>-"' J 1· I ·1·t I ·1 ·nc ·e·1s1·ng w1tl1m-·1n-1lyst consistency. For ex- n . . . ""C ;;c ana yst re Ja JI 1 Y w 

11 
e 

1 1 
'· ' ' • , ever, by a large amount of unrelated material. How 1s an analyst to CD 

CJ amples, see Honorton (1975), Humphrey, May, frask, and approach this problem of response definition? '?> 
~ Thomson (1986), Humphrey, May, and Utts (}98 8), _Jahn, Dunne'. The firsl atlempt al SRI at quantitatively defining an RV re- g 
a> d J· hn ( 1980) May ( 1983) May Humphrey and Mathews . . h . . f d 

1 
. ...,. 1 

an a , ' ' ' sponse mvolved reducmg t e raw transcript to a series o ec aratlve co 
g (1985), and Targ, Puthoff, and May 0 977

). . statements called concepts (Targ et al., 1977). Initially, it was de- ~ ...,. I th· aper we present the current status of an ongomg re- . · 
0 ~ n is P h h h · cided that a coherent concept should not be reduced to its compo-
0 ..., h t · We are not yet ready to propose t at t e tee mques . . w 

;;o searc opic. . , nent parts. For example, a small red VW car would he c n =---o described here be used for free-response analysis; however, we hope . h f. ll d VW ·o 0 
. -1.... 1 ..--,.,.f b ari'ables so mg e concept rat er t an our separate concepts, sma , re , , 

0 w ~ · s · e ~he eommumty to ucve op a proper se, v su v . . . · 
0 """

0 

m~ptt' · h · 1 b l d · · esses can be and car. Once a transcript had been "conceptuahzed," the hst of w 0 
0 
0 
(.) 
0 
0 
0 ..... 

that the problems m erent m g o a ec1s10n proc . . . 
0 . concepts constituted, by defimtmn, the RV response. The analyst o 

avmded d h 1· . h . Al h h h o · · f I 1· t. f th mathematical rate t e concept 1sts agamst t e sites. t oug t e response was ..... Fmally we present a success u app 1ca ion o e . , 
· ' "f · h J"t r0 r ·a complex target well defined by this method, no attempt was made to define the tar- .llo,. techmques for quantl ymg target ort ogona I y 1• . . 

, get site . 
.llo,. pool. In 1982, a procedure was developed to define both the target 

Background 

Subslantial progress has been made in methods for evaluating 
remote-viewing experiments since the publicalion of the initial re
mote-viewing (RV) effort at SRI International (Puthoff & Targ, 

and response material (May, 1983). It became evident that before a 
site can be qualified, the overall remote-viewing goal must be clearly 
defined. If the goal is simply to demonstrate the existence of the 

2 
Although thc::·.term remote viewing is used throughout this paper, the analysis 

techniques can ea.sily be applied to any free-response data. 
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RV phenomenon, then anything that is perceived at the site is im
portant. But if the goal is lo gain specific infonnalion about the RV 
process, then possibly specific items at the site are important 
whereas others remain insignificant. 

· In 1984, work began on a computerized evaluation procedure 
(May et al., 1985), which underwent significant expansion and re
jnement during 1986 (Humphrey et al., 1986). The mathematical 
~rmalism underlying this procedure is known as the "figure of 
6).erit" (FM) analysis. This method is predicated on descriptor list 
ichnology, which represented a significant improvement over ear
Her "conceptual.analysis" techniques, both in terms of "objectifying" 
lie analysis of RV data and in increasing the speed and efficiency 
~ith which evaluation can be accomplished. Humphrey's technique, 
!!ihich was based on the pioneering work of Honorton (1975) and 
!ls expansion by Jahn, Dunne, and Jahn ( 1980), was to encode tar
:iet and response material in accordance with the presence or ab
rsence of specific elements. 
g It became increasingly evident, however, that this particular ap
~lication of descriptor lists was inadequate in providing discrimina
~rs that were "fine" enough to describe a complex target accurately, 
cand unable to exploit fully the more subtle or abstract information 
c5ontent of the RV response. To decrease the granularity of the RV 
~valuation system, therefore, a new technology would have to allow 
;:uhe analyst a gradation of judgment about target and response fea-

. Oures rather than the hard-edged (and rather imprecise) all-or-noth
;&ng binary determinations. Requiring an analyst to restrict subjective 
~udgment to single elements rather. than to complete responses is 
~onsistent with the research reported by Dawes (1988). 
~ A preliminary survey of various disciplines and their evaluation 
;;omethods (spanning such diverse fields as artificial intelligence, lin
gguistics, and environmental psychology) revealed a branch of math
~ematics, known as "fuzzy set theory ."5 

0 
0 
0 wFuzzy Set Concepts 
0 
0 
~ Fuzzy set theory was chosen as the focal point of the RV analyt-
J:.,. ical techniques because it provides a mathematical framework for 

modeling situations that are inherently imprecise. Because it is such 
an important component in the analysis, a brief tutorial will be pre
sented to highlight its major concepts. 

'We wish to thank S. James P. Spottiswoode and D. Graff, CE, for directing us 
to the fuzzy set literature and for many helpful discussions. 
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Membership Value 
1.0 0.8 0.5 0.3 0.2 0.1 0.01 0.0 

2 3 4 5 6 7 8 9 10 • • • 15 • • • 30 

Population in 100 Thousands 

Figure 1. The fuzzy set "kind-of-small" cities. 

In traditional set theory (i.e., crisp sets), an element either is or 
is not a member of a set. For example, the crisp set of cities with 
population equal to or greater than 1,000,000 includes New York 
City, but not San Francisco. This set would also not include a city 
with a population of 999,999. The problem is obvious. There is no 
real difference between cities with populations of 1,000,000 and 
999,999, yet one is in the set and the other is not. Humans do not 
reason this way; therefore, something other than crisp sets is re
quired to capture the subjectivity inherent in RV analysis. 

Fuzzy set theory introduces the concept of degree of membership. 
Herein lies the essence of its applicability to the modeling of impre
cise concepts. For example, if we consider the size of a city, we 
might define certain fuzzy sets, such as very small cities or kind-of-smalt 
cities. Using kind-of-small cities as a fuzzy set example,,we might sub
jectively assert that a city with a population of 100,000 is definitely 
such a city, but a city with a population of 400,000 is only a little bit 
like. a kind-of-small city. As depicted in Figure 1, fuzzy set theory al- . 
lows us to assign a membership value between O.and 1 that repre
sents our best subjective estimate as to how much each of the pos
sible city populations embodies the concept kind-of-small. In this 
example, a population of 700,000 assigned a membership value of 
0.3. 

Clearly, a different set of membership values would be assigned 
to the populations for the fuzzy sets very small cities, medium cities, 
large cities, and. so forth; a population of 100,000 might receive a 
value of 0.2 for very small cities, but a value for 1.0 for kind-of
small cities, depending on context, consensus, and the particular 
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application. These membership values can be obtained through con
sensus opinion, a mathematical formula, or by several other 111ca11s. 
Crisp sets are special cases of fuzzy sets, in which all membership 
values are either zero or one. By using membership values, we are 
able to provide manipulatable numerical values for imprecise natu
ral language expressions; in addition, we are no longer forced into 
making inaccurate binary decisions such as, "Is the city of San Fran
cisco large-yes or no?" 

In this example, the crisp set of all cities defines t.he universal set 
of elements (USE). The crisp set of cities with populations of one 
million or more is a subset of USE. The fuzzy sets very small, kind
of-small, medium, and large cities are fuzzy subsets of USE. 

Universal Set of Elements 

Since targets and the responses -will be defined as fuzzy sets, we 
must specify a USE. The universal set of elements can be quite gen
eral and include all aspects of a given target pool, or it can be tai
lored to a specific experiment to test a given concept (e.g., include 
only geometric shapes). Since the method of fuzzy set analysis crit

(') ically depends on the choice of USE, we provide one example that 
5> was derived from a target pool used in earlier experiments. What 
;:a follows is only an example of how one might construct a lJSF.. The 
CJ one we use is not generally applicable to other target pools or other 
""C • 
CD experiments. 6 We constructed our USE by including a list of features present 
~ in photographs from the National Geographic magazine with ele
~ ments obtained from the RV responses in earlier experiments. This 
;;o USE is presented in Appendix A as the actual coding forms. For 
g the target features, we focused on direct visual elements. (In the 
~ genezal case, other perceptual dimensions can be considered.) In 
g the case of the RV response-derived elements, an effort was made 
8 to preserve the vocabulary used by the viewers. Some of the ele
g ments, therefore, are either response-dependent or target-depen
~ dent or both, whereas others, particularly at the more abstract lev
.J:,. els, appear to be more universal across possible USEs. 

This universal set of elements is structured in levels, ranging 
from the relatively abstract, information poor (such as vertical lines), 
to the relatively complex, information rich (such as churches). The 
current system is structured into seven primary and three secondary 
levels of elements; the main intent of this structure is to serve as a 
heuristic device for guiding the analyst into making judicious con-
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crete element assignments based on rather abstract commentary. 
The use or levels is advantageous in that each clement level can be 
weighted separately and used or not, as the case may be. This ena-

. bles various combinations of levels to be deployed to identify the 
optimal mix of concrete versus abstract elements. Of course, any ~ 
such weighting scheme must be determined in advance of any ex- :g . ., 
penmcnt. o 

The determination as to which elements belonged on which level ~ 
was made after consideration of two primary factors: (I) the appar- a. 
ent ability of the viewers to be able to resolve certain features, cou- ~ 
pied with (2) the amount of pure information thought to be con- ii 
tained in any given element. Some of these "factor one" ~ 
determinations were based on the combined anecdotal experience re 
of analysts and monitors in the course of either analyzing or con- ~ 
ducting numerous RV experiments; some were determined empir- ~ 
ically from post hoc analyses of viewers' abilities to perceive various 8 
elements in previous experiments. o 

The "factor two" determinations were made primarily by arrang- ~ 
ing the elements such that an element at any given level represents co 
the sum of its constituent elements at lower levels. For example, a 
port element (Level 7) could be considered to include canal (Level 6) 

(') 
)> 

I 

and partially bounded expanse of water (Level 5). The world is not a 
vcr·y crisp place and 11ol all its clerr1cr1Ls arc arnc11ablc Lo hierarchical 
structuring. Certain violations of the "factor two" rule appear, 
therefore, throughout the USE example. It should be noted, how
ever, that some of the more glaring violations were largely driven 
by the "factor one" determinations (i.e., the viewers' abilities to dis
cern certain elements) enumerated above. 

To emphasize once again, it is very important to,realize that this 
universal set of elements was constructed to mateh our pat titular 
special targets, viewers, and requirements. They are shown here to 
illustrate the procedure. Any particular application of fuzzy set tech
nology to the analysis of free-response material requires an a priori 
construction of an individualized, and improved, USE specific to the 
target pool and the goals of the experiment. 

Target Fuzzy Sets 

Each target is defined as a fuzzy set constructed by assigning a · 
membership value to each of the elements in the USE (see Appen
dix A). In gent';ral, membersh1p values can vary continuously on the 
interval [0,1].' In this application they represent human judgment 
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and, thus, were constrained to vary in steps of 0.1. In addition, they 
must represent the perceptual dimension used to construct the USE. 
In our example, membership values were assigned to each element 
for each of the targets, according to a consensus (on an eiement-by
element basis) reached by three analysts. This approach was used to 
mitigate the potential influence of any single coder's biases and idio
syncrasies. A numerical assignment, µ (0 .;;; µ.;;; l, in steps of 0.1), 
was made for each element in response to the following question: 

:t:=, How visually important is this element to this photograph? 
:g Encoded by this method, the fuzzy sets served as a formal defi-
0 nition of the targets for the analysis. It should be noted that our 
~ USE defined targets in terms of visual importance. 1 If other dimen
~ sions are of interest (e.g., conceptual, functional, allegorical), the 
~ USE would have to be revised to incorporate them. 
;;o In an actual experimental series, it is critical that the target fuzzy 
iS sets be defined by analysts before the series begins. Because of the 
: potential information leakage owing to bias on the part of the ana
CD lyst, it is an obvious mistake to attempt to define the target fuzzy set 
~ on a target-by-target basis in real time or post hoc. 
0 
(.) g Response Fuzzy Sets -..... 
co To define RV response fuzzy sets, membership values µ are as
(')signed for each element in the USE by asking: To what degree am 
~I (the analyst) convinced that this element is represented in this re
;;t:Jsponse? For example, if a response explicitly states "water," then the 
~membership value for the water-element should be I. If, however, 
~the response is a rough sketch of what might be waves, then the 
6membership value for the water-element might be only 0.3, depend
~ing on the specificity of the drawing. This definition of membership 
ggvalue is quite general and can be used in most applications. 
~ In our example, responses were coded according to this defini-
8tion (but still using the USE in Appendix A). The assigned µ's for 
~the targets and responses were one-digit fuzzy numbers on the in
gterval [0,1] (e.g., 0.1, 0.2, 0.3, etc.). In some rare cases, two-digit 
~assignments (e.g., 0.05, 0.15, 0.25, 0.35, etc.) were made; any finer 
gassignments, however, were deemed to be meaningless. Thus, the 
tresponse was defined as its fuzzy subset of the USE. 

• Implied visual importance was ignored. For example, in a photograph of the 
Grand Canyon that did not show the Colorado River, water, river, and so on would 
be scored as zero. By definition the target was only what was visible in the photo
graph. 

----,~- .. -~ ........... _ ............... '•'-',•,' ... ,u. '••••• ,,A,." 
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In an actual experimental series, each response fuzzy set is cre
ated by analysts who are blind to the intended target. 

Fuzzy Set Definition of Figure of Merit 

Once the fuzzy sets that define the target and the response have 
been specified, the comparison between them to provide a figure of 
merit (FM) is straightforward. In previous work (Humphrey et i' 
1986), we have defined accuracy as the percent of the target mate 1 
that was described correctly by a response. Likewise, we have -
fined reliability (of the viewer) as the percent of the response tl"tt 
was correct. The FM is the product of the two; to obtain a high FJ;I, 

a response must be a comprehensive description of the target a~ 
be devoid of inaccuracies. The mathematical definitions for accur~ 
and reliability for the jth target/response pair are as follows. 1.f!t 
µk(R;) and µk(T) be the membership values for the kth element 2P. 
USE for the ith response and the jth target, respectively. Then ti: 
accuracy and reliability for the ith response applied to the jth tar~ 
arc given by: o 

I Wimin{µi(R;), l,Li(1)} 
k 

accuracyij = aij = ~Whµh(T) 
J, 

I Wkmin{µi(RJ,µi~)} 
k 

reliability ij = r ij = ~ Wiµ.k(R;) 
k 

(.) -0 
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co 
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where the sum over k is called the sigma count in fuzzy set terrhinos 
ogy, and is defined as the sum of the membership values. We ha~ 
allowed for the possibility of weighting the membership values wit 
weights W.1: in order to examine various level/element contributiolll,'I 
to the FM. The index, k, ranges over the entire USE. g 

For the above calculation to be meaningful, the µ's f~r the- ta~ 
gets must be similar in meaning to the µ's for the responses. As ~ 
noted above, in our definition of the membership values, this is n~ 
the case. The target µ's represent the visual importance of the el~ 
ment relative to the scene, and the response µ's represent the dJ: 

I 
gree to which an analyst is convinced that the element is repreCl-
sented in the response regardless of its relevance to that response. 

With advanced viewers it might be possible to change the defi
nition of the response µ's to match the definition of the target µ's. 
In that case, the viewer must not only recognize that an ele!Ilent is 
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present in the target, but must also provide information as to how 
visually important it is. This ability is currently beyond the skill of 
most novice viewers. Alternatively, we have opted to modify the tar
get µ definition by using the fuzzy set technique of ex-cuts. In our 
example, an ex-cut is a way to set a threshold for visual importance. 
All target elements possessing that threshold value or higher are 

:t:=-considered to be full members of the target set. In fuzzy set par
::g lance, an ex-cut converts a fuzzy set to a crisp one. The result is that 
~ the target set is now devoid of detailed visual information: a poten
CD rial 1a1xc1 ck111c111 is cirhcr pn·scnl 01· ahsenl in 1hc 1a1·gc1 sci, re
~ gardless of its actual visual importance. Even with this conceptual 
~ change in the target definition, the FM formalism described above 
;;o remains applicable, because a crisp set can be considered as a fuzzy 
iSset with all membership values equal to O or 1. It is important to 
: recognize that the o:-cut is only applied to the target set; the re
CD sponse set remains fuzzy. 
r-J 
0 
0 
~ssessment of Quality of the Remote Viewing 
0 
~ 
~ It is difficult to arrive at a general assessment of how well a given 
· ·response matches a specified target. The ideal situation is to obtain 
~ome abso~ute _measure_ of goodnes~ ?f _match._ Although the Ff:1 is 
'*n approx1mat1on to this measure, ,t 1s 1mposs1ble to assess the hke
cjihood of a particular FM value because it requires knowledge of the 
~iewer's specific response bias for the session. It is possible to deter
Wnine general response biases (May et al., 1985), but that knowledge 
9 only useful on the average. For example, a viewer may love rock 
jimbing and may spend most of his free time involved in that ac
;;ovity. Thus, the general response bias would probably entail aspects 
if mountains, rocks, ropes, and so forth. Suppose, however, that the 
~ewer spent the evening prev10us to a given RV session on a ro
iiantic moonlight sail on San Francisco Bay. For this specific RV 
~ssion, the response bias might include romantic images of the 
ioonlit water, lights of the city, and bridges. 
~ The current solution to the problem is to provide a relative as
~ssment of FM likelihood. A relative assessment addresses the fol
lowing question: "How good is the response matched against its in
tended target, when compared to all possible targets that could have 
been chosen for the session?" This is not ideal, since the answer de
pends on the nature of the remaining targets in the pool. An ex
ample of the worst~case scenario illustrates the problem. Suppose 

. ·' 
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that the target pool consisted of I 00 photographs of waterfalls, and 
the viewer gave a near-perfect description of a waterfall. (We as
sume that this description is not fortuitous.) An absolute assessment 
of the resulting FM should be good, whereas a relative assessment 
will be low. The worst-case scenario can be avoided, to a large de-6°' 
gree, by carefully selecting the target pool. (See the later section "A~ 
Quantitative Definition of Target Orthogonality.") ~ 

To prnvidc a relative assessment of the likelihood of a given FM,[ 
we dcflne the score for one session lo be 1hc n1unbc1· of targets, n, "Tl 

out of a total, N, that have an FM equal to or higher than the FM g 
achieved by the correct match.'' The answer to the question: "Given ~ 
this response, what is the probability of selecting a target that would iD 
match it as well as or better than the target selected?" is n/N. : 

Consecutive RV responses by the same viewer are not statistically ~ 
independent, nor can the responses be considered to be random in g 
any sense. The statistically independent random element in the ses- 2i 
sion is the target. Since targets are selected with replacement, under ~ 
the null hypothesis of no psi, the collection of scores derived over a ~ 
series of m trials constitutes a set of independent random variables, (') 
each with a discrete uniform distribution. Under the null hypothe- )> 
sis, the mean chance expectation for the .score in each session is ;;o 
given by (N + 1)/2 and the variance is given by (N 2 - 1)112. If K ~ 
is the sum of scores from a series of remote viewings, then the prob- CD 

ability of K, under the null hypothesis, can. be obtained from the 6 
exact distribution for the sum of ranks given by Solfvin, Kelly, and ~ 
Burdick (1978): ~ 

~ 
0 P(K or less) = ~ f ±. (- l)b(m) (a - b!j - I). 

N a-m b-0 b W l (I) ~ 

If m is la1·ge, then the sum-of-ranks distribution is approximately 
normal and Khn has a mean of (N + I )/2 and a variance of 
(N

2 
- 1)/12m. Thus, a z score can be computed from: 

K 
0.5(N + 1) - ;;;, 

z(K or less) = ~ 

~~ 

(2) 

5 
N must be. the size of the target pool from which each target was randomly 

sclcc:tcd, and f~r this theoretical discussion, we assume no tics . 
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Ground Truth 

To determine whether the new analytical approach was effective, 
a standard had to be developed against which it could be measured. 
It was determined that this standard-known as "ground truth"
should consist of a "real-world" normalized consensus about the de 0 

~ree of correspondence between RV responses and their intended 
uargets. 
O To achieve this objective, we presented analysts (chosen from the 
~eneral SRI staff) with the same test case of six remote-viewing re
-,ljponses and their associated targets. The test case was the data from 
~ single viewer (177) taken from an experimental series in a 1986 
~hotomultiplier tube experiment (Hubbard, May, & Frivold, 1987). 
~he responses (i.e., two to five pages of rudimentary drawings with 
~ome associated descriptive words) were fairly typical of novice 
CDviewer output and represented a broad range of response quality. 
~he targets consisted of six photographs of outdoor scenes selected 
3'rom a National Geographic magazine target pool of 200. Thus, this 
~ata set was ideally suited for an analysis testbed. Appendix B con
::it.ains the "best" and "worst" trials (Sessions 9005 and 9004, respcc
~vely) from this series in the form of their responses, their intended 
g:argets, and their fuzzy set encodings (see the next section). 
t" Each analyst was asked ir1dividually for his subjective judgment 
~bout the degree of correspondence between the remote-viewing re
"'CSponses and their respective intended targets. The "degree of cor
~espondence" was purposely undefined; the analysts had to formu-
6late their own criteria. The only information provided was that 
~responses typically begin with small bits of information and even
ggtually culminate in a composite drawing at the end. Appendix C 
~contains the coding form that was used to obtain "ground truth." 
8 Each analyst was instructed to examine all of the responses and 
~their intended targets. Then, on a session-by-session basis, he was 
gasked: (1) to assess the degree of correspondence between the 
~remote-viewing response and its intended target, and (2) to register 
gthis correspondence assessment by making a vertical hash mark 
T"across a 10-cm scale ranging from "none" to "complete." 
.llo,, To perform the ground truth analysis, distance measurements 

were taken from the left end point of each scale to the vertical slash 
mark for each assessment. Let the distance obtained for the kth ses-
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sion from the jth analyst be given by xi,•· To account for analysts' 
biases, the x1.1c were normalized by a ;: transformation, 

z - X;.1c - µ,
j,lc - ' 

(J"j 

where µ1 and o-1 are the mean ancl standard deviation of the jth an
alyst's distance scores, Xp. The effect of this transformation is to 
convert an analyst's absolute subjective opinion to a relative one. For 
the jth ·analyst, the largest zi.k indicates that the degree of corre
spondence for response/target k is higher than any other pair in the 
series. It does not indicate overall quality. This type of transforma
tion was necessary since we wished to combine the assessments from 
a number of different analysts. 

To combine the assessments across analysts, we computed the 
mean z score for each response/target pair, k, as: 

l Na 

z, = N Lz1.1c, 
a j= I 

where N,, is the number of analysts. The number of analysts was 
determined by the <lat.a. For the best 1-csponse/target pair (i.e.; ses
sion 9005, k = 5) we computed the percent change of z5 for every 
additional analyst. When the addition of two new analysts produced 
consecutive changes of less than 2%, the process was considered 
complete. For this data set, 37 analysts were required before this 
condition was met. Figure "2 shows the normalized mean for each 
target/response pair, and represents a relative assessment of remote
viewing quality. These means constitute the basis for the ground 
truth against which the fuzzy set technique was measured. We re
cognize that this definition of ground truth is based on global deci
sions and may not be most optimal (Dawes, 1988). 

Results of the Fuzzy Set Analysis 

To effect a meaningful comparison between ground truth and 
the figure of merit analysis, we also analyzed the same RV series 
that served as the ground truth set by the fuzzy set figure of merit 
method. The fuzzy set membership values (µ's) for the six targets 
and six responses were consensus coded by five analysts ranging 
from expert to novice. A typical spread of µ assignments was ± 0.1 
with an occasi~mal outlier. Some of the elements were vigorously de
bated until -~ consensus was reached. Accuracies, reliabilities, and 
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TABLE 1 
Fuzzy SET QUANTITIES FOR "GROllND TRllTII" s~:RIES 

Figure of 
Accuracy Reliability merit 

.317 .484 .153 

.273 .477 .130 

.358 .571 .205 

.212 .379 .080 

.573 .594 .340 

.298 .555 .165 

Fractional 
Rank rank 

80 .403 
103 .515 
31 .155 

142 .713 
3 .015 

13 .068 

"O 
"O ., 
0 
< 
(D 
a. 
"Tl 
0 ., 
·;;tJ 
(D 

;;tJ l s I 900( suits of the target a-cut, the fuzzy intersection, and the accuracy,re *' -·· 9001 900'.?. 900J 
9004 9005 

' reliability, and figure of merit for Session 9005. Table 1 also showsUl 
: Session Number the absolute and relative ranks from a target pool of 200. To deter-~ 
CD . mine the absolute rank for each session, we calculated figures ofg 
~ Figure 2. Normalized mean for each largc1/rcsponS<'. pair. meril for all 200 largets in the pool and placed them in numerical~ 
8 . , . '·I orde1· from the largest lo the smallest. The absolute rank is just the g 
- · h ti se pair ( I au c _ o figures of merit were calculated tor eac targe respon . position (from the top) of the FM corresponding to the intended~ 
~ 1). It should be noted that the encoding w~s a post hoc exercise, ~u~ target. Ties were res~lved by c~oosing the n~xt larger int~ger rank·· 
~ because the assignment for each element m the USE ha~ to be e number to rhe centroid of the ties. The fract10nal rank number can Q 
(') fended before a consensus was reached, t~e FMs s~own m Table 1 be considered a p value for an individual session and is equal to the~ 
5> constitute reasonable estimates of their "bimd" eqwvalents. A rpen- absolute rank/200. Using Equation 1, the overall p value for the ~ 
;;o dix B shows the target and response clements that were scored from combined six trials is .052 (N = 200, K = 372, m = 6). Using the ""C 
~ the universal set (see Appendix A) for Scssi<~ns 9004 and 9005. As approximation (Equation 2), we compute z = 1.633, p :,;;; .05, to ~ 
~ an example of the fuzzy calculation, Appendix B also shows the re- demonstrate that for six trials, the approximation in reasonable. For g 
0 completeness, we compute the effect size (r = 0.67). ~ 
~ To compare the results of the fuzzy set analysis with those of the ~ 
~ o.soo Fuzzy Sers D ground truth, we linearly renormalized the ground truth figures to o 
;;tJ • be within the interval [0,1] and to possess the same maximum and 8 
o GrounJ 'Jh1th · · A b f · = o m -- - • .:; cane seeo , orrr-Figure"'3, the results trom the fuzzy o 
(.) ~ --- ---····-··-~--·""- . 0 
- v •• J · I set analysis system parallel those obtained by a consensus of the 37 o 
0 
0 
0 
(.) 
0 
0 
0 ..... 
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.llo,, 

~ 

" :E 
0 0.250 
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"" ~ 
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9001 

Session Number 

Figure 3. Comparison with ground truth. 

analysts each making a subjective assessment of the matches~. ~ 
These results imply that the combination of (l) the structure of g 

the USE (i.e., the linguistic hierarchical structure), (2) the fuzzy set 7" 
mathematics, and (3) a consensus approach to assessing the fuzzy .llo,, 

sets themselves provided a reasonable representation of the subjec
tive scoring of the same data by a large number of individuals. 

A Quantitative Definition of Target Orthogonality 

1t is often of interest to define how similar or dissimilar targets 
are to each other. For example, free-response experiments like the 

•' • I 
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ganzfeld often use target packets, with the unselected targets in a 
packet serving as decoys for judgi11g. Assigning pot cut ial targ-ets to 
packets would be easier with some measure of target orthogonality . 

Target definition for the purposes of this mode of analysis is ex
actly the same as the one described (i.e., a given target is defined by 
its fuzzy subset of the USE, which has been coded to reflect the vis

;z:.ial importance of each target element). The average number of ele
::gments, of the total of 131, that was assigned a nonzero value for the 
otargets in our pool of 200 was approximately 37, indicating that the 
~uzzy set representation of the target pool is rich in visual infor
~ation. We used this information to determine the degree to which 
tilhe target set contains visually similar targets. 
i, It is beyond the scope of this paper to describe the extensive 
(!)work in the literature seeking to find algorithmic techniques that 
re mimic human assessments of visual similarity. One recent article de
:S scribes techniques similar to the one we used (Zick, Carlstcin, & Bu
~descu, 1987). 
8 We begin by defining the simlarity between target i and target j 
o to be a normalized fuzzy set intersection between the two target sets: 
~ 
~ 

00 

0 
)> 
I 

;;o 
0 
"C 

s9 = 

( f Wkmin{µk(T;),µ,(T;)}) 

2 

2: Wkµk(T;) °2: Wkµ,(~) 
h k 

~ where the index k ranges over the entire USE. We have allowed for 
6 the possibility of weighting the membership values with weights Wk 
~ to examine various level/element contributions to the target similar
~ ities. 
~ For N targets, there are N(N - 1)/2 unique values (19,900 for N 
8 = 200) of Sij. The values i and j that correspond to the largest value 

0 of Sii represent the two targets that "look" most similar. Suppose 
g another target m is chosen and S .... ; and Smi are computed. If both of 
~ these values are larger than sm,n (for all n not equal to i or j), then 
g target m is assessed to be most similar to the pair ij. The process of 
7'" grouping targets based on these similarities is called cluster analysis. 
.i::,. Using this process, 200 targets were grouped into 19 clusters, 

such that the targets are similar within a cluster, and dissimilar be
tween clusters. Table 2 provides an overview of the 19 clusters 
found from the total analysis of the 200 targets. Some of the names 
appear to be quite similar, but, in fact, these sets are visually quite 
distinctive. Figure 4 shows the graphic output of a single cluster in 

No. 
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TABLE 2 
NAMES OF Tin: IV CLUSTERS 

Name No. Name 

209 

Flat towns 
2 Waterfalls 
3 Mountain towns 

I I Cities with prominent geometries 
12 Snowy mountains 

4 Cities with prominent structure 
5 Cities on water 
6 Desert/water interfaces 
7 Deserts 
8 Dry ruins 
9 Towns on water 

13 Valleys with rivers 
14 Meandering rivers 
15 Alpine scenes 
16 Outposts in snowy mountains 
17 Islands 

)> 
"tJ 
"tJ 
0 
~ 18 

19 
10 Outposts on water ti' ______________________________ ., 

Verdant ruins 
Agricultural scenes Q. 

;;o 
detail. A much more complex-and visually difficult to under-: 
stand-graph is generated for the full cluster analysis and is not~ 
included here; this smaller subset, therefore, has been chosen to be~ 
illustrative of the whole analysis. All targets in this particular sampleg 
cluster are islands; the island in each photograph is visible in its en-~ 
tirety. Except for one outlier (i.e., a hexagonal building covering an~ 
island), the islands fall into two main groups (i.e., with and withouti» 

Linear Geometries 
(e.g., Runways) 

1198 

1138 

1186 
1179 

Many Structures 
(e.g., Town) 

1177 

~~-----------~ 
Flat And Verdant 

Sand I3ar~ 

Mountains 
1161 

1049 

1038 

1185 

1088 

llcxagonal !3uilcling Covering Island------> 1003 

0.0 0.2 0.4 0.6 
1 -S;,i 

Figure 4. ¢luster analysis of island targets. 
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manmade elements). The natural islands include three similar 
mountain islands, two sandbars, and two flat verdant islands. 

Using cluster analysis in conjunction with fuzzy set analysis pro-
vides for a quantitative definition of sets of targets that are similar 

;t:.to each other within a cluster, but visually different across clusters. 
'.gOrthogonal clusters can be used to provide visual decoy targets for 

0traditional rank-order judging. 
< 
(D 

a.Recommendations and Conclusions 
"Tl 
0 

ii To apply the analysis in its present form to a long RV series is 
~uite labor intensive and, from the results shown in Figure 3, is 
remost likely not justified since this fuzzy set technique approximates 
g:human assessment. As we stated in the introduction, however, we 
~re providing only a progress report ~f ongoing research. Because 
~f the decision concepts described in Dawes (1988) and the obvious 
23:>enefits of an automated evaluation system, the effort to improve 
~hat was described in this paper is certainly justified. The proce
cqiure can be used "as is" to improve and quantify target orthogo
(ilality. 
5> Several future research areas are suggested to improve the tech
;;(Jliques described in this paper. The use of both inter- and intra-level 
~eighting factors needs to be examined systematically. In the analy
~is described above, all levels and elements were accorded equal 
&eight. The ideal goal would be to determine the optimal weighted 
~ix of abstract versus concrete elements, as a means to achieving 
~e following objectives: 
;;o 
g 1. 
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cal relationships governing the membership values (µ.'s) of higher
order elements (e.g., port) vis-a-vis the combined value of their con
stituent parts (e.g., city, river, boats, jetties, commercial). 

One inadequacy of the system is that it atomizes conceptual :t:=, 
"units." For example, if the response element is red box, information -o 
is lost in separating red from box. Current research in fuzzy set the- a 
ory indicates that fuzzy aggregates of fuzzy elements-"fuzzy sets of ~ 
fuzzy sets"-are mathematically complex but possible. Some effort a. 
should be made to determine whether this technology could be im- ~ 
plemented as a means to capturing the information content of the ., 
RV response with greater accuracy. ~ 

For the visual analysis, research into visual similarities between re 
pictures of natural scenes may serve as a potential refinement tool. g: 
The aim here would be to enhance the visual orthogonality of rank- r-.> 
order analysis decoy targets as much as possible. Experiments in g 
normal perception of similarities would assist in determining ~ 
whether scenes are perceived as similar because of their low-level ~ 
geometries, concrete elements, or some combination of factors. The ~ 
ultimate aim would be to refine the target cluster analysis such that 
it closely simulates ground truth representations of orthogonality. ~ 

APPENDIX A 
CODING FORMS FOR THE UNIVERSAL SET OF ELEMENTS 

I 

;;o 
CJ 
"C 
CD 
a, 
I 

0 
0 ...... 
co 
CD 

~ 
(.) 

= 0 
0 
0 
(.) 
0 
0 
0 ..... 

· 1 ·1ic following coding forms illustrate the use of a universal set of elements 
(USE) that matched our particular special targets, viewers, and requirements. 
We constructed our USE by including a list of features present in hoto ra hs 

ilmI- f1 om the Nationa eogra zzc wll e ements obtained from the remote
viewing responses in earlier experiments. 

0 
(.) 

0 
0 
0 
(.) 
0 
0 
0 ..... 

.I:,. 

2. Refinement of the analysis of responses, in an effort to 
achieve even greater correlations between the fuzzy set fig-tll"C 
of merit analysis and various forms of ground truth . 

Another area that requires examination in some detail is the 
USE and the hierarchical nature of its structure. It is probable that 
some elements are more appropriate than others; furthermore, they 
might be more effectively structured in a semantic network as op
posed to a true hierarchy. If a hierarchical structure is retained, 
then some attention must be paid to the formulation of logical con
sistency rules that govern element use. This would include numeri-

.I:,. 
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APPENDIX B 
Fuzzy SET ANALYSIS TESTBED 

The following pages show the targets, responses, and analysis for two 
~mote-viewing trials. 
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TAB!.E Bl 
TARG~:T-RF-'il'ONSE 9004 

Element Name ·rargcl Response 

20 Roads 0.30 0.00 

23 Agricultural fields 0.05 0.00 

32 Urban 0.00 0.50 

33 Rural, pastoral 0.60 0.50 

:t:=, 44 lawn, village 0.00 0.50 

"O 45 City 0.00 0.40 
"O 46 Single peak 0.70 0.00 .. , . ~ ";· ',.i ,' · \, ·. --~ ··,Jli ;;:t· .,'i:·~·,.~"-~~~ :t:=, ., .•' " .. '!', " 

47 Hills, slopes, humps, mounds 0.10 0.40 
• ,~'If" .. ,, ~ IJ."'' "" 

0 '• "· '""> -. .. 
'. ;, ' .. !~~I' I 1;~~'11111 .. • "O 

< 48 Mountains 0.00 0.60 ... ··~/-~ "O 
(D 

~ l ,,..._~~ IN t<f -.. . ., 
a. 49 Cliffs 0.00 0.10 ' ""'$0\ -. ,_ ; <I 0 

< 
"Tl 60 Vegetation, trees 0.30 0.00 (D 

0 64 Blue 0.50 0.00 Figure B5. Target for Session 9005. a. ., 
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65 Green 0.30 0.00 "Tl 

69 White 0.10 0.00 "/ czJr M 

0 

+o M 
., 

CD 70 Grey 0.20 0.00 ~~ ~ II) 76 Obscured, fuzzy, dim, smoky .0.20 0.00 
t/1 CD 
(D 77 Cloudy, foggy, misty 0.20 0.00 ~r""" P5 34-5" II) 

r-J 79 Weathered, eroded, incomplete 0.00 0.10 t/1 
0 80 Smooth 0.00 1.00 

(D 

0 
(.) 81 Fuzzy 0.20 0.00 

r-J - 0 
0 82 Grainy, sandy, crumbly 0.20 1.00 

~ 
0 

.llo,, - 90 Other implied movement 0.20 0.00 
(.) -..... 0 

co 91 Congested, cluttered, busy 0.10 0.30 .llo,, 

92 Serene, peaceful, unhurried 0.40 0.00 -..... 
(') 93 Closed in, claustrophobic 0.00 0.10 co 
)> 94 Open, spacious, vast 0.60 0.00 

.,{/l.,! ~ CA. 
I 95 Ordered, aligned 0.00 0.40 

(') 
;;o )> 
CJ 97 Buildings, structures 0.00 1.00 I 

""C 98 Rise, vertical rise, slope 0.60 1.00 ~ ~ 
;;o 

CD 
99 Flat 0.30 1.00 CJ 

a, ""C 
6 100 Lightldark areas 0.10 0.00 CD 

0 101 Boundaries 0.30 1.00 a, 

~ 103 Land/sky interface 0.50 0.00 
I 

0 

CD 104 Single predominant lca1ure O.fiO 0.00 l-CvtA._ cl 
0 

;;o 
tu~ 

........ 

0 105 Odd juxtaposition, surprising 0.30 0.00 co 
0 106 Manmade, altered 0.20 0.80 

CD 

(.) 
107 Natural 0.70 0.20 

;;o 
..... 0 

0 108 Rectangle, square, box 0.00 1.00 
,, 0 

0 
(.) 

0 lO!J Triangle·, pyramid, 1rap<'rnid O.GO 0.00 ..... 
0 

(.) 115 Cone ().(i() ().()() 
0 

0 

0 117 Irregular forms 0.00 0.20 0 

0 118 Repeat motif 0.10 0.60 
(.) 

..... 0 
I 119 Stepped ().!() 0.70 0 

.llo,, 

~Jc 
0 

120 l'arallcl lines 0.10 0.00 ..... 
121 Vertical lines (l.10 1.00 

I 
.llo,, 

122 Horizon1al lines Cl.I 0 0.00 

123 Diagonal lines 0.40 U.00 
125 Inverted V-shape 0.70 0.00 
126 Other angles 0.00 0.10 Figure B6. Page one of response (Session 9005, Target 1005). 
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Element Name 

TA!ILE B2 
TARGET-RESroNs~: 9005 

Target Response T •. o., T!lR 

14 Spire, minaret, tower 0.00 0.20 0 0.00 
20 Roads 0.10 0.10 0 0.00 
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APPENDIX C 

"GROUND TRUTH" INSTRUCTION AND CODING FORM 32 Urban 0.80 0.70 I 0.70 
38 Canal, manmade waterway 0.00 0.10 0 0.00 :t:=, 
44 ·1own village U.00 O.'.lO O 0.00 "O 
4· C ' 0.90 0.70 I 0.70 ~ 
4~ Si~~le peak 0.00 0.20 0 0.00 Analysts' lnstr1.1ctions for Remote-Viewing Series 900X ~ 
17 J Jilis. slopc·s, bumps. uu,uruls 0.00 O. IO O 0.00 (D 

U b d d J anse w·iter O 00 0.40 0 0.00 . . a. 
54 n ?un e arge ~p, • 

0
· 
30 0 30 1 0_30 Thank you for helpmg us perform a post hoc assessment of a senes.n>f 

56 ~wally IJOunrle_rl :,ut'r 0·(JO 0·:IO O o.oo 1·cmolc viewings. The targets were acwally 35-mm slides lhat were attaclO-d 
58 River, strca111, u ec,. · · . . . . .. ..,.. 

59 Coastline o.oo 0.20 O 0.00 to a photomult1pher, a device to measure small amounts of light. We w:ne 

60 Vegetation, trees 0.20 0.20 I 0.20 searching for possible physical correlates to remote viewing. ~ 
64 Blue 0.25 o.oo I o.oo You will find in your packet 6 remote viewing responses labeled 90(3-
65 Green . 0-2~ ~-~~ : ~:~~ 9006 respectively. Also shown is the target number of the intended phc{i,-
67 Bro:-1n, beige ~:~o o:oo O !LOO graph. We have supplied the original, rather than the 35-mm slide. r-.> 
~~ ~hlle 0.10 o.oo o o.oo We would like you to make a subjective judgment as to the degree~[ 

80 S~~oth 0.10 0.00 0 0.00 correspondence between the remote viewing response and its associated t.Sc:t-
81 Fuzzy 0.00 !.00 ° o.oo get. Familiarize yourself with the task by first looking at all the responis 
82 Grainy, sandy, crumbly 0.00 I.OO ~ ~-~~ and their intended targets. Then, on a session-by-session basis, rate y~ 
83 Rocky, ragged, rubbled, rough ~-~~ b-~~ 1 0:70 assessments. You are completely free to define what is meant by "Degree~[ 
91 C

0
ongested, _cluttered, busy 0· 10 1 ·00 0 !LOO Correspondence." Indicate your judgment by marking one line. across ttn! 

94 pen, spacious, vast . · . . . . ' -, 
(') 95 Ordered, aligned 0.00 0.30 0 0.00 appropnate contJ':u~us _scale shown below. A v~rtlcal h_ne near the 'No~ 
- 96 Disord<"r<"d.jt1mblccl. 1111:ilignc-cl 0.30 o.oo I o.oo end of Lhe scale will md1cate that you feel there 1s very little corresponden):8 
t" 97 B~ildings'. stru~tures 0.80 0.90 b ~:~~ between that response-ta~ge_t p~ir. Likewise a vertical line n:ar t~e ''.Coi§a 
~ 98 Rise, verucal nse, slope 0-?0 !.~~ 

1 
I.OO plete" end of the scale will md1cate that you feel that there 1s a s1gmficacn 

""C 99 Fl_:it ~-~~ ~-00 0 o.oo degree of correspondence. Cf> 
CD 100 Light/dark areas · · M f th b · · h 1· ti · f, · d b "Id Q a> 

01 
B d - o 20 1 oo I 1.00 any o e responses egm wit a 1t e m ormat1on an m towai:tl , I oun anes · · . . . . . ...,. 

o 102 Land/water interface 0.30 1.00 I 1.00 a composite drawmg at the end. Please assess the response m Its entirety • 
~ 103 Land/sky interface 0.10 0.10 0 U.UU best you can. Thank you again. ~ 
~ 104 Single predominant feature 0.10 0.40 0 O.OO 0 
:::C 106 Manmade, altered 0.80 0.80 1 0-80 8 
g 107 Natural 0.20 0.20 I 0.20 TARGET O. 

~ 108 Re , . O OO O 
I I I Cross-hatch, gnd 0.30 O.OO 1 

0
·
00 

None Complete 8 0 
0 
0 
(.) 
0 
0 
0 ..... 
J:.. 

112 Circle,oval,sphere 0.10 0.00 O • o 
116 Semicircle, dome, hemisphere 0.10 0.30 0 O.OO 9001 1034~ g 
I I 8 Repeat motif 0.40 0.80 I 0.80 _., 
I 19 Stepped 0.20 1.00 I 1.00 9002 1042 J:.. 
120 Parallel Jines 0.30 0.30 I 0.30 
121 Vertical lines 0.50 1.00 I 1.00 
122 Horizontal lines 0.10 0.00 0 0.00 
123 Dia&,onallincs 0.10 0.20 0 0.00 
125 Inverted V-shape 0.00 0.20 0 0.00 
127 Arc curve 0.30 J.00 I 1.00 
128 Wa;e form 0.00 0.10 0 0.00 

Totals 

Accuracy = 0.573 
Reliability = 0.594 
Figure of merit = 0.340 

21.20 22.00 12.<iO 

9003 

9004 

9005 

9006 

1065 

1094 

1005 

1024 
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OBSERVATION OF NEUROMAGNETIC FIELDS IN RESPONSE TO 

REMOTE STIMULI 

by 

Edwin C. May, Wanda W. Luke, VJ.rginia V. Trask, and Thane J. Frivold 
SRI International, Menlo Park, California 

ABSTRACT 
We have conducted a conceptual replication of an SRI/Langley Porter study in which a single subject's 
central nervous system (CNS) responded to a remote, and isolated flashing light. The CNS activity of 
eight remote viewers was monitored by a seven-channel magnetoencephalograph (MEG). VISual stimu
li were randomly presented to an isolated individual who acted as a "sender" while MEG data were col
lected from a viewer (receiver). The stimuli were5-cm square, linear, vertical,sinusoidal gratings lasting 
100 ms (remote stimuli). Tune markers were randomly inserted into the data stream as control points 
(pseudo stimuli). The dependent variable was the root-mean-square (RMS) average phase shift of the 
dominant alpha frequency. Using a Monte Carlo technique to estimate p-values, we observed signifi
cant (combined across all viewers) RMS phase shifts resulting from the remote stimuli (Zs = 1.99, p :s;; 
0.024, effect size = 0.599). Similarly, the combined statistic for the pseudo stimuli was also significant (Z:r 
= 2.92, p :s;; 0.002, effect size = 0.924). The phase shifts from the remote and the pseudo stimuli are 
independently not characteristic of the data at large. This result was unexpected, and suggests that we 
may have observed a CNS response to an unintended stimulus (i.e., electrol)lagnetic interference, EMI, 
from the computing hardware). However, in the SRI/Langley Porter study, E:MI had been eliminated, 
thus, it remains possible that the CNS changes resulted from an anomalous form of information transfer. 

\ . 
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INTRODUCTION 

1. Physlologlcal Correlates to 
Psychoenergetlc Function
ing: A Brief History 

Evidence from several laboratories has indicated 
the possible existence of an as-yet-unidentified 
channel wherein infonnation is coupled from re
mote electromagnetic stimuli to the human nerv
ous system. Usually, the coupling has been 
indicated by physiological responses, even though 
there was no evidence of cognitive awareness of 
these stimuli. Physiological measures have in
cluded a plethysmographic responsel • and elec
troencephalogram (EEG) activity.2,3 Kamiya, 
Lindsley, Pribram, Silverman, Walter, and others 
have suggested that the whole range of EEG ac
tivity, including evoked potentials, spontaneous 
EEG, and the contingent negative variation 
(CNV) might be sensitive indicators of responses 
to any remote stimu!i.4 

In 1974, SRI International conducted a pilot study 
that investigated a single remote viewer's central 
nervous 5lstem (CNS) response to a remote light 
stimulus. In this experiment, the viewer was 
asked to focus attention on a remote flashing 
(16--hertz [Hz]) light. Control periods (no light 
flashing) were randomly mixed with effort periods 
(light flashing). The viewer was further asked to 
register when het perceived the flashing light by 
pressing a button. 

During this pilot experiment, the viewer showed a 
significant:!: decrease in alpha production when 
the remote light was flashing, compared with 
when the light was off. His button presses were 
random, however, indicating he was not cogni
tively aware of the flashing light. Tho replications 
of this experiment were conducted with the same 
viewer at Langley Porter Neuropsychiatric Insti· 
tute in San Francisco by Drs. David Galin and 
Robert Ornstein. 6 In the first of two experiments, 
the viewer continued to show a significant de· 
crease of occipital alpha production only under 
the remote flashing light condition. In a second 
experiment conducted 3 months later, however. 
• References are al 1he end of 1his report 

the viewer demonstrated a signifi~nt increas 
· occipital alpha proouction. 

though we found that significant correlati, 
ppear to exist between the times of light flas. 
nd CNS activity, we considered this result to 
nly suggestive, with a definitive conclusion 
uiring further experimentation. 

ith the advent of more sensitive CNS monitori 
uipment, known as magnetoencephalograp 

G~ and with an additional 15 years of rema 
ewing experience, SRI conducted an experime, 

t explore possible correlations between CNS acti 
and remote stimulL This experiment is the suJ 
of this report. 

2 Technologlcal Background 
gnetoencephalography is a noninvasive tech 

ni ue used to measure, in three-dimensional space 
etic fields produced by neuronal electric cur 

re ts in the cortex of the brain. A rnagnetoen
halography device (MEG) can detennine the 

spa ia1 distributions of specific groups of neuronE 
icipating in a given activity and their patterns of 

a · 'ty over time; This technology has been used in 
r h ranging from evaluating how normal 
b · s process infonnation to diagnosing clinical 
con 'tions such as epilepsy and dementias.7 

Neufons that participate in a given functional ac
tivit communicate between themselves and ulti
mat ly other parts of the body by a complex 
com ination of electrical signals and chemical in
tera tions. It is beyond the scope of this report to 
desc ibe the cellular physiology involved, but is 
suffi icnt to say that this activity produces mag
netic fields (predominantly dipole) that can be 
sensetexternally. 
The s nsing device of a MEG is a cryogenic super· 
cond ting quantum interference device 
(SQU D) coupled with a gradiometer. SQUIDs 
curre tly being used are cooled by liquid helium. 
A1 a f w degrees above absolute zero, an electri· 
cal cu rent can· flow through a superconductor 
with n applied voltage. The material of the 
SQUI consists of superconducting loops with 
two sc tions of thin insulating material connect
ing the (Josephson Junctions). This configura
tion is referred to as a DC SQUID. Some 
electro scan tunnel through this insulation. The 

t To L:. eep the identily of the viewers confidenlial, we use the pronouns he and !is throughout thb report, regardless of lhe view· 
er's gender. . 

t Throughout this report, the word "significanr conforms to lhe st.:Jndard d finition; p < 0.05. 
. . 
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presence of a weak magnetic field produces a 
phase difference for the wave function of the 
magnetic field [and] produces a phase difference 
for the wave function of the electrons across this 
barrier. The resulting interference pattern pro
duced by the two different wave functions on each 
side of the barrier can be used to indicate the 
strength of these extremely weak magnetic fields. 

The neuronal magnetic fields from the human 
brain are only about 10-13 tesla, while the earth's 
magnetic field is 10-4 tesla and normal urban 
noise is about 10-7 tcsla. Care must be taken, 
therefore, to assure that the signal-to-noise ratio 
is favorable. This has been taken into considera
tion by the manufacturer of MEG equipment 
(BTi of San Diego, California), who has designed 
highly shielded sensors that use a second-order 
coupled gradiometer to reduce the environ
mental noise by about 106. The use of an alumi
num and µ-metal magnetically shielded room can 
further reduce the noise by a factor of 103. If used 
together, these two precautionary measures can 
reduce the ambient noise by a factor of about 
109-equivalent to the internal SQUID noise. 

Because a MEG responds best to neuronal cur
rents that are parallel to the skull (i.e., currents 
producing magnetic fields oriented tangentially to 
the skull), neuronal currents perpendicular to the 
skull may be missed. In reality, however, few 
neuronal electrical currents are exactly perpen
dicular to the skull, so some tangential compo
nent is almost always available to the SQUID. 

Searching for a closely packed group of neurons 
can be a slow and tedious process. Due to techno
logical restraints, a maximum of seven sensors can 
be used simultaneously to gather MEG measure
ments. Sensors on a seven-channei MEG are lo
cated on a 2-cm equilateral triangular grid 
forming the center and vertices of a regular hexa
gon. A subject wears a spandex cap with grid 
marks lined up with his nasion, inion, and earlobes 
to serve as a head-centered coordinate system. To 
identify the location of a neuronal-equivalent 
current dipole, many measurements have to be 
taken. Isocontour maps of field strength are used 
to represent the amplitude and polarity distribu
,tion of the !71agnetic fields. A least-squares proce
dure is applied to the observed fields to estimate 
the location of neuronal sources and orientation 
of the equivalent current dipolc.8 The estimated 
location of the neuronal source can then be iden
tified anatomically with a magnetic resonance im
age scan of the head. Developments in technology 

. . 

may soon allow for enough channels to cover the 
whole head at once, thereby reducing data collec
tion time and increasing precision. 

MEG technology is based on a cryogenic SQUID 
opernting in liquid helium. Because the Dewar 
flask cannot exceed a 45--<legree angle, subjects 
must lie prone beneath the apparatus. MEG sen
sors are not attached to the head. but are lowered 
into position over the skull; the subject cannot 
move his head during monitoring without disturb
ing the measurement. For these two re2.sons, 
MEG equipment is not suited for long-tenn 
monitoring of a subject. These problems rr.2.y be 
solved in the near future as new technology. such 
as high-temperature SQUIDs, develops. 

A response from the MEG is a c.omplex wavefonn 
consisting of a series of negative and positive 
peaks or components. Specific c.omponents of this 
waveform can be correlated with perceptUE..! and 
cognitive processes. The most commonly ob
served response to a visual or auditory stirr.ulus, 
for example, is a large c.omponent occurrir.g ap
proximately 100 ms after the onset of the s:irnu
lus. One hundred milliseconds appears to be the 
average latency period between stimulus and the 
first correlated neuronal activation in the brclll. 8 

The earlier EEG technology measures electric 
potential, or event-related potentials (ERPs) pro
duced by the electrical activity of the br'1in. A 
MEG measures the magnetic fields, or event-re.-. 
lated fields (ERFs) produced by the electrical ac
tivity of specific groups of active neurons i.1 the 
cortex. An EEG and a MEG, therefore, reveal 
different aspects of the electrical activity of the 
brain and are often used as complementary tech
nologies. In some areas, however, the MEG tech
nique has definite advantages over the EEG: 

(1) ERPs taken from the scalp provide little in
formation regarding the precise three
dimensional distribution of the neuronal sites 
producing the electrical activity. Brain tissues 
of unknown electrical conductivity and thick
ness, individual variations in skull thickness 
and geometry, and proximity to openings in 
the skull all make obtaining such detailed in
formation difficult. The same is not true 
when using a MEG. Neuronal magneticfields 
can travel through brain tissues without being 
significantly altered; this property, coupled 
with the dipole model, results in high spatial 
resolution of the neuronal activity. 
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(2) EEG procedures are occasionally C0stly and 
can be invasive: EEG electrodes must be at
tached directly to the skull or to the brain of 
the subject, whereas MEG sensors are ex
tracranial and are simply lowered into posi
tion against the skull. 

(3) There is much controversy over the appropri-

ate r¢ference electrode in EEG work (a ref
erenqe electrode is required with electric 
potential measurements, because only differ
ences\ in electric potential are measured). 
Tuer¢ is no such problem with a MEG, be
cause \the measurement of magnetic fields is 
absol~te. 

II METHODS OF APPROACH 
Our goal was to conduct a conceptual replication 
of the earlier SRI/Langley Porter experiments. 
Our basic hypothesis is that a viewer's CNS would 
respond to a remote light stimulus. 

1. General Description 
Using a seven-sensor 1ffiG in a shielded room, 
we investigated the occipital-cortex neuronal 
magnetic activity that might occur in response to a 
remote "visual" stimulus. 

The following definitions may be helpful: 

• ~-An individual who attempts extrasen
sorimotor communication with the environ
ment (e.g., the perception of remote stimuli). 

• Direct Stimuli (DS)-Visual stimuli occurring 
-.0thin the normal visual sensory channels. 

• Serukc-An individual who, while receiving di
rect stimul~ acts as a putative transmitter to a 
remote individual (i.e., viewer) who is attempt
ing to receive the same infonnation via ex
trasensorimotor communication. 

• Remote Stimuli (RS)- Visual stimuli occurring 
outside the normal range of known sensory 
channels. 

• Pseudo Stimuli (PS)-A time marker in the 
data stream with no associated stimuli. 

In this report, a direct stimulus to the sender is 
also considered as a remote stimulus to the view
er. 

2. Protocol 

2.1 General Considerations 
To begin a session, a sender is isolated in a room 
while a viewer is monitored by a MEG in a 
shielded room about 40 m away. Only the sender 
is presented with a number of direct visual stimuli 
at random ,intervals within a 120-second p<;riod, 

'· 

the length ~f one run. One session usually consists 
of 10 runs.: 

2.1.1 Vle~ers 

Eight viewe\rs were selected for this experiment. 
Four were lqlown to be good remote viewers, and 
four were sta£f members with unknown viewing 
ability. Eac~ viewer contributed a minimum of 
one and a £tlaxi.rnum of three independent ses
sions. 

2.1.2 Send~rs 

The senders\ in all sessions were either various 
staff membe~ who were well known to the view
ers or they Wf!re spouses. 

2.1.3 Depe~dent Variable 

The dependent variable is the root-mean-square 
(RMS) phase $hift of the primary alpha activity as 
a result avera~ed over all RS. 

2.2 Specifi,c Protocol Details 
I 

2.2.1 Stimuli\ 

Remote stimuii consisted of a standard video en
coded blank ~reen with a 5-cm square, linear, 
vertical, sinusdidal grating lasting about 100 ms. 
These stimuli (pS to the sender) subtended 2de
grees in the loter left visual field of the sender. 
This was maint4ined by asking the sender to focus 
his visual attenpon on a permanent mark on the 
monitor. Duripg the experiments described in 
this report, no ~ttempt was made to monitor the 
sender in any w~y. Pseudo stimuli consisted of the 
blank screen wi~hout the superimposed grating, 
and were includ:ed as a putative within-run con-
trol. · 

2.2.2 Run Timl~g 

Figure 1 shows ~ schematic timing diagram for 
one run. No two ~timuli of any type were allowed 
to occur within a\3-second period of each other. 
A stimulus may *ur, however, any time within a 

I 
\ 
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4.5-second window thereafter. The sender was 
presented with a minimum of9 and a maximum of 
15 DS occurring at random intervals within a 
120--second period. In all but the first session, a 
random number of pseudo stimuli (i.e., random 
time markers with no concomitant stimuli-PS) 
were added as a within-run control. A viewer was 
never presented with direct stimuli except in lo
cating the maximal response to the visual areas 
(see Section II.2.2.4). 

Pseudo Stimuli 

* * t t t t t 
0 Remote Stimuli 120 sec 

Figure 1 Schematic TLming Protocol-Single 
Run 

2.2.3 Instructions to Viewers 
In all sessions, the \iewers were completely in
formed about the details of the experiments. 
Prior to their placement on the MEG table, they 
were shown the location of the RS display moni
tor, and were instructed to place their attention 
upon it or the sender during the session. 

For some sessions, the viewer was instructed to 
press a fiber-optic-coupled button when he felt 
that he perceived stimuli. Each button press was 
marked in the data record. Button pressing was 
retained in this protocol as part of the conceptual 
replication. 

2.2.4 Sensor-array Placement and Calibra-
tion 

We selected the location for the sensor array by 
optimizing the viewer's response to direct visual 
stimuli. Inherent in this choice is an assumption 
that may not be valid: namely, that neurons par
ticipating in a reaction to RS are the same as those 
that respond to DS. The sensor locations were 
then marked on an acetate transparency to allow 
for accurate repositioning of the sensors in later 
sessions. One such placement (right occipital
minus centimeters from the inion indicate the 
right hemisphere) is shown for viewer 002 in Fig
ure 2. It should be noted that MEG sensor place
ments do ~ot necessarily correspond to 
conventional EEG electrode placement. 
For a calibration, the viewer was fitted with a 
spandex cap with grid marks aligned with his in-. \ . . 

\ . 

ion, nasion, and earlobes (i.e, head-centered co
ordinate system). The viewer was then placed as 
comfortably as possible on an observation table 
beneath the MEG. He must lie face down and 
look though a hole in the table to view the DS vi.a a 
system of mirrors. These stimuli were displayed by 
a projector located outside the entrance to the 
shielded room. The sensors of the MEG we;e 
lowered from above to touch his head over the 
right occipital lobe. In this configuration, the sen
sor array was moved at the end of 30 DS to a po5i
tion that optimized his response to the DS. Once 
found, the array position was marked on the ecp 
for subsequent repositioning. 

4 
3 
2 

Distance 1 

(cm) 0 
-1 

4 

5 

• 
3 

6 
• 
7 . 

1 
• 
2 

- 2-+-1--,...2 _--.3-_ ..... 4-_~5-_.,...5 __ ,...7-_~g _--.9----.-10 

Distance (cm) 

Figure 2 Sensor Position Relative to the Inion 
(0,0) for Viewer 002 

2.2.5 Sequence of Events tor a Session 
The following is the schedule of events for.a ses
sion: 
• Collect approximately 10 minutes of back

ground data with-no viewer or sender present 
and the MEG in full operation. 

• Isolate the sender with the stimulus display de
vice. 

• With the viewer on the table, position the sen
sor array at the calibration point. 

• At time - O, start the monitoring of data with 
computer-generated trigger. Data are col
lected the entire 120 seconds at a rate of 200 
samples per second. 

• At time < 120 seconds, present 9 to 15 remote 
and 9 to 15 PS to the sender. 

• At time > 120 seconds, allow the viewer to re
lax for about 2 to 5 minutes without leaving the 
table. This break generally consists of the send
er entering the shielded room to engage the 
viewer in conversation. 

• Collect nine additional runs with the same pro
cedure while the viewer remains positioned on 
the table under the MEG. 
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3. Data Analyses 
If our initial assumption about sensor positioning 
is true, and if the earlier results are replicated, we 
expect to see a change in alpha production as a re
sult of the RS. We might also expect an evoked re
sponse similar to visual ERFs. Figure 3 is an 
idealized illustration of these expected results in 
the time-series data. Tunes less than zero are 
prestimulus; times greater than zero are poststi
mulus. The stimulus lasts 100 ms. 

Evoked Response Decr=d 

~ 
-500 0 500 

Time (m.!) 

Figure 3 Idealized Results for a Single 
Stimulus 

For each session, the follov.ing wa'> computed for 
each RS and PS, r<'-:spectively: 

(1) Five hundred ms of pre- and post-stimulus 
time-series data were separately detrended 
and filt~red (40 Hz lowpass). 

(2) The power spectrum was computed for each 
500-ms pre- and post-stimulus period. 

(3) The relative phase change of the dominant 
alpha frequency from pre- to post-stimulus 
period was computed as the arctangent of the 
ratio of the imaginary and real component of 
the transfer function. The transfer function 
is defined as the ratio of the FFT of the post
stimulus period divided by the FFf of the 
pre-stimulus period. 

(4) One thousand ms of time-series data (i.e., 
500 ms pre- and post-stimulus) was sepa
rately detrended and filtered ( 40 Hz 10\vpass). 

In addition, the following averages were com
puted across all RS and PS, respectively: 

(5) The average power pre- and post-stimulus. 

(6) The root-mean-square (RMS) average 
phase shift. 

(7) The 1®-ms time average of the pre- and 
post-stimulus periods taken as a single re
cord. 

(8) The "power si*ctra" of the pry- and post
stimulus time averages were computed. (\Ve 
recognize that~ power spectrum of a time av
erage is not an $ccurate representation of the 
average power ~ectrum, however it is an in
dicator of pha.sf shift.) 

; 

4. Monte Catlo Calculations 
i 

The analysis of CNS activity has always been prob
lematic, because al~ha bursts lasting from 0.1 to a 
few seconds occur ~t random intervals. From a 
statistical point of ~iew, the data fail to satisfy at 
least two underlying assumptions of the usual sta
tistical methods (e{, ANOVA and MANOVA). 
Most standard stat,istical tests assume that all 
samples of the datalare independent. MAN OVA 
can be configured fo remove this particular as
sumption, nonethel~ss, it and the other tests as
sume that the proc¢ss under study is stationary; 
that is, whatever tile statistical properties are, 
they remain constartt over time. In other words, 
the measured prope;rties should not depend upon 
when the activity is ~mpled. CNS time series data 
do not satisfy either1 of these assumptions. 

To avoid these diffic~Jties, and to obtain probabil
ity estimates of the \observed RMS phase shifts, 
we adopted a simp* Monte Carlo approach. In 
the usual statistical\ analysis, the phase shift is 
compared to an idea\ distribution, or its likelihood 
of occurrence is cor(iputed using some nonpara
metric technique. B~th techniques attempt to de
termine the degree ~o which the observed phase 
shift is exceptional, Jgiven the universal set of all 
possible data. The Nfonte Carlo method that we 
used, however, can <;inly determine the degree to 
which the observed: phase shift is exceptional, 
given the available 1data sample. Thus, a new 
Monte Carlo estimaQe must be computed for each 
individual data set. 1 

I 
The general Monte Carlo procedure is as follows: 

i 

(1) Using the same\ timing algorithm to create 
the original RS, generate N sets of M stimuli, 
.where M is the 1umber of original RS. 

(2) For each pass (J...N), compute the RMS 
phase shift aver~ged over M remote stimuli. 

(3) Sort the resultinf N values to form the RMS 
phase shift distri~ution in the given data sam-
ple. ' 

(4) Compute the p~obability that the observed 
value would be a{ large (or larger), given a re
peated random 5tmple of the data. Note that 

~ i 
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this p-value is not the probability that the 
measure is as large, given a different data 
sample. 

We have used this technique to compute p-values 
for the RMS phase shifts throughout this report. 

Ill RESULTS 
Eight viewers (002, 007, 009, 372, 374, 389, 454, 
and 531) from SRI International participated in 
the effort. Viewers 002, 009, 372, and 389 were ex
perienced, with strong track records. Viewers 
007, 374, and 531, had not previously participated 
in remote viewing experiments. Viewer 454 had 
participated in novice remote viewing training 
and has produced significant evidence of remote 
viewing ability. 

1. Calculations 
To illustrate the reduction of the raw data, we use 
the 25 September 1988 session from viewer 002. 

Figure 4 shows the time average over all RS of the 
amplitude (femto Tosla) of the magnetic CNS ac
tivity of viewer 002's response to RS. The data 
from all seven sensors are displayed in a pattern 
that is similar to the physical sensor array. Each 
sensor is labeled in a highlighted box. The number 
of stimuli comprising the average (118) is shown in 
the key. The onset of the 100-ms stimulus is rep
resented at time = 0, so negative time represents 
the pre-stimulus period and positive time repre
sents the post-stimulus period. The total time pe
riod shown is 1 second. Because the stimuli are at 
random times relative to any uncorrelated CNS 
activity, averaging has reduced random single-sti
mulus amplitudes by ./ii wheren is the number of 
stimuli. Sensor 7 shows a clear change from a 

\ 

slow, regular alpha rhythm during the pre-stimu
lus period, to one of higher frequency. post
stimulus. 

Figure 5 shows this change of alpha in the fre
quency domain. For each sensor, the power spec
trum of its corresponding time series is d~-;ilayed 
from Oto 40 Hz. The power spectra are shown in
dependently for the pre- and post-stimulus peri
ods (separated by a dashed vertical line). Sensor 7 
shows a strong 10-Hz peak pre-stimulus tr.at van
ishes post-stimulus Similar alpha reductions can 
be seen in all of the other six sensors. 

The power spectrum of a time series average is nor 
an indicator of the average power spectrur.i of the 
CNS activity, because time averages are phase 
sensitive and power spectra are not. Figure 6 illus
trates this by showing the average power spectra 
(i.e., calculated on a stimulus-by-stimulus basis 
and then averaged) for the pre- and post-stimu
lus periods. There was little change of CNS 
power across the stimulus boundary thro-.:ghout 
the frequency range. 

Because a time average is sensitive to relative 
phase and a power spectrum is not, these data sug
gest that a relative phase shift occurs between 
pre- and post-stimulus periods. Figure 7 shows 
this relative RMS phase shift computed from Oto 
40 Hz for all sensors. As was the case for the time
series data, the RMS average was computed ove, 
n =l lBRS. In accordance with the protocoi (Sec
tion 11.3), the dependent variable was the RMS 
phase only at the dominant ~-frequency. 

At this point we, are unable to determine if the 
variations seen in Figures 4 through 7 are mean
ingful. Toward that end, the identical quantities 
for the PS are shown in Figures 8 through 11. The 
"power'' of the time averages for the remote stim
uli differ markedly from those of the PS spectra 
(Figures 5 and 9). 
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2. Monte Carlo Estimates of 
Significance 

To determine if the changes that are seen qualita
tively are exceptional, we analyzed the data by the 
Monte Carlo procedure outlined in Section II.4. 
We simulated the RS by generating 500 sets of 
Monte Carlo stimuli using the same random tim
ing algorithm and number as in the original data. 
For each set, the RMS phase was calculated as de
scribed in Section II.3. The resulting 500 Monte 
Carlo RMS phases were sorted as a descending 
array, and the fraction of phases equal to or larger 
than the observed RS value was represented as a 
p-value. (The p-value is bounded on the low end 
by 1/500.) Figure 12 shows a histogram of one such 
Monte Carlo run, again using the data from 
viewer 002 as an example. The values of the RMS 
phase for the remote and pseudo stimuli are 
marked by vertical lines (see the key in Figure 12 ). 

In accordance with the earlier study6 in which we 
observed changes in alpha power, we established 
a single criterion for the selection of a sensor for 
analysis: the pre-stimulus average alpha power 
above background is larger than it is in any other 
sensor. Table 1 shows the viewer identification, 
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j 

date,! sensor chosen for analysis, and the p-value 
(as d¢[ined above) for the RMS phase shift for the 
remo1te and pseudo stimul~ respectively. 

The ~values shown in Tobie l are all single tailed 
(i.e., ~he area in the upper taU). Because the distri
butior of means is approximately normal, we have 
convtjrted the empirical p-values to their respec
tive two-tailed z-scores. U the p-value was less 
than p.5, the z-score shown in Tobie 1 was com
puted\ from the inverse normal distribution as
sumirig a p-value twice the one shown. If the 
p-val~e was more than 0.5, we subtracted it from 
1.0, d~ubled the result, and computed the z-score 
as abdve. To test the null hypothesis that the com
bined i RS phase shifts are characteristic of the 
data, ie computed a standard Stouffer's Z (Zs)for 
the 111 sessions shown in Tobie 1. There is statisti
cal ev~dence that the data within ± 0.5 seconds of 
the RS are not characteristic of the data at large 
(Zs =\1.99,p < 0.024, effect size = 0.599). Simi
larly, ,he combined statistic for the PS indicates 
that these data are also not characteristic (Zs = 
2.92, A :s;; 0.002, effect siu = 0.924). Therefore, 
there 4ppears to be some statistical ~.nomaly asso
ciated :with the RMS phase shifts for both stimuli 
types.\ 

' 
I; . Key 

: I 
I Passes: 500 

: I I P-Values 

'l I - • - • Real: 0.002 
I --- Pseudo: 0.846 
I 

I 

I I -
I . 

I I . 
'I I 

I -
ii I -:i I 

:1 I 

I 

\I I -
!I I 

I -
\1 I -
11 

I . 
!J I -I 

ii I 

11 
I 

I - -_, 
I 

I 

I 

I 

·, I 

112 136 160 
RMS Phase (deg) 

Figure 12 Viewer 2: Date 8/25/88: Session 1: RM$ Phase: Sensor: 2: RS = 118 
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Tobie 1 

Results of Monte Carlo Calculation for RMS Phase 

I.D. Dale Sensor 
P-Valuc (I-tail) Z-&.-ore (:-tail) 

Remote 

009 06/24/88 6 0.650 
002 08/25/88 2 0.002 

08/26/88 6 0.904 
372 10/19/88 7 0.094 
374 03/29/89 6 0.154 
007 03/29/89 7 0.970 
389 05/23/89 4 0.288 

05/24/89 5 0.260 
05/25/89 4 0.120 

531 05/24/89 4 0.814 
454 05/25/89 4 0.732 

3. Results: Button Presses 

In the early SRI study6, significant changes in al
pha production were observed in response to an 
RS. The statistical evidence, however, did not in
dicate that the viewer was able to recognize an RS 
cognitively (i.e., the viewer's button presses rela
tive to the RS did not exceed mean chance expec
tation). 

In the current experiment, viewers 002, 009, and 
372 were asked to press a button whenever they 
"perceived" an RS. The total number of stimuli 
during a session of 10 runs was not known in ad
vance because of the randomization procedure. 
The null hypothesis is that the probability of a 
time interval having a stimulus is the same for 
those intervals with a button press as for those 
without a button press. In other words, the pres
ence or absence of a stimulus is independent of 
the presence or absence of a button press. We 
tested this null hypothesis to determine if a viewer 
is cognitively aware of the RS. 

In Thble 2, the fractional hitting rate is P1 ,., 
Al(A + B), and the fractional missing rate is P2 -= 

C/(C + D). The total number of 1-second inter-

Pseudo Remote h,eudo 

- -0.524 -
0.848 2.653 0.513 
0.966 0.871 U9\ 
0.168 0.885 0.423 
0.810 0.501 0.305 
0.180 1.555 0.35S 
0.040 -0.191 1.405 
0.016 -0.050 1.852 
0.922 0.706 1.011 
0.134 0.274 0.619 
0.052 -0.090 1.259 

valsisN = (A+B+C+D),::ndthetotalstimulus 
rate is Po = (A+ C)IN. 

Table 2 

Data Schema for Interval Conditions 

Stimulus 

Yes No 

Response Yes A B 

No C D 

Then, uricler the null hypc,:hesi.s, the following 
statistic is approximately :i.orrnally distnouted 
with a mean of O and a vari.mce of 1: 

(p, - pz) z=~================ 
Po(1 - Po)( v:s) + (c!oi) 

Tuble3 showsN.po,P1,P2, z, i:-value, and the effect 
size, r, for the three sessio:is for which button
press data were collected. As in the earlier SRI 
study, there is no indication that the viewers were 
cognitively aware of the RS. 

Tobie 3 

Button Pressing Results 

Viewer. N Po Pi P2 z p r 

002 1210 0.167 0.198 0.164 0.951 0.163 0.027 
009 1280 0.091 0.068 0.094 -0.978 0.836 -0.027 
372 1089 0.157 0.119 0.160 -0.996 0.84D -0.030 

\ 
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IV DISCUSSION AND CONCLUSION$ 
We have found statistical evidence that the rela
tive phase shift from -0.5 to 0.5 seconds of an RS 
are not characteristic of the data at large (Zs = 
1.99, p ::s;; 0.024, effect size = 0.599). The com
bined statistic for the PS indicates that the relative 
phase shift from -0.5 to 0.5 seconds of a PS are 
also not characteristic of the data at large (Zs = 
2.92, p ::s;; 0.002, effect size = 0.924). Averaged 
across all viewers, the magnitude of the results, as 
indicated by their effect sizes of 0.599 and 0.924, 
respectively, is considered robust by accepted be
havioral criteria defined by Cohen.9· 

1. Root-Mean-Square Phase 
Searching for a change of phase as a result of an 
RS is a natural extension of results quoted in the 
literature. For example, Rebert and Turner6 re
port an example of photic driving (i.e., an extreme 
example of phase locking) at 16 Hz. In their work, 
a subject was exposed to a 16-Hz visual DS ran
domly balanced with no stimulus during 4-second 
epochs. The average power spectra showed ap
proximately 10-Hz alpha activity during the no
light epochs, and a strong 16-Hz and no 10-Hz 
peak during the 16-Hz epochs. 

One interpretation of their result is that the alpha 
rhythm was blocked, and the CNS "locked" on to 
the flashing stimulus. Eason, Oden, White and 
White, 10 report a phase-shift phenomenon when 
a rare stimulus, which is random relative to the in
ternal alpha activity, is presented as a DS: 

" ... when a stimulus flash is presented, the 
resulting primary evoked response acts as a trigger 
stimulus which temporarily synchronized a 
certain percentage of the neural elements 
nonnally under the influence of an internal 
pacemaker. ... Desynchronization of the elements 
participating in the evoked response would occur 
as the elements are brought back under the 
influence of an internal pacemaker or are affected 
by neurons not involved in the response. " 

In other words, the internal alpha is momentarily 
interrupted by an external stimulus, and, in the 
absence of continuing external stimuli, returns 
back to its original frequency, but at a random 
phase relative to its pre-stimulus state. 

Th understand what w~uld be expected in our ex
periment for the distril1,ution of RMS phases dur
ing the Monte Carlo ~imulations, we examine a 
hypothetical case. Sup~se that the viewer's alpha 
activity was a continupus wave at a single fre
quency. A phase chang~ is computed between 500 
ms before and 500 ms after each Monte Carlo 
"stirnul us." Thereforel regardless of the entry 
point, the relative pha~e change would be zero, 
and the RMS phase qver many such "stimuli" 
would also be zero. ; 

Real alpha activity, however, is not continuous, 
Rather, it appears in tjursts lasting .from 100 to 
S(XX) ms. Random Mo1te Carlo "stimuli" would 
sometimes occur withi{i such bursts and some
times near the edges. Thus, we would expect a 
nonzero RMS phase ci~er many such "stimul~" 
but the individual relaGive phases would not be 
uniformly distnbuted. tjepending upon the view
ers' alpha characteristiq;, the distributions would 
be enhanced near zero '.RMS phase. 

i 
If we assume that Easoh, et al., are correct, and 
that a phase shift is exptjcted as a result of an RS, 
then the expected dist°'bution of RMS phases is 
uniformly distributed o~ [-1T, TI). In this case, the 
phase change is related to the relative timing be
tween the external stim~lus and the internal al
pha-a completely ran~orn relationship. Thus, 
the variance of the RMS'phases in the experimen· 
ta! condition should bel larger than those com
puted during the Monte brio runs. Figure 13 is a 

I , 

schematic representatior of these models. 

-7T 

1 
Continuow Alpha D 

\ Remote Stimulus kiM 

7T 

Phase (tjidians) 

Figure 13 Idealized Dis~ributions for Relative 
Phase Shifts 

• Values of 0.1, 0.3, and 0.5 correspond to small, medium, and large effects, respectively. 
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As a first step in testing these models, we com
puted the expected variance for the RMS phase, 
given that the individual phases are uniformly dis
tributed on (11, 11]. Using a Thylor Series expan
sion for RMS phase, the variance is given by:11 • 

~ = ; 5 ;rr
2 

[. 1 - -
1
-] (rad 2) , or 

r n 30n 

2160 (d 2) ,,.. __ eg t 

n 

where n is the number of individual phases. 

Tobie 4 shows the viewer identification, the two
tailed z-scorc from Toble 1, the number of RS, the 
theoretical variance for the RMS phase, the ob
served variance from the Monte Carlo runs of 500 
passes each, and the x2 and its associated p--valuc 
for a variance-ratio test. 

Combining the x2 across all 11 sessions gives an 
overall significant result (X2 - 5121.5. df = 5489. 
p ~ 0.0002). This indicates that the Monte
CarlCH:lerived variances are significantly &mailer 
than the theoretical variances based on uniformly 
distnbuted phases. The two viewers who demon
strated the largest z-scores (002 and oo-:) also 
show sharply reduced Monte Carlo variar..:es. 

Tobie 4 

Comparison Between Monte Carlo Phases and Theory 

Z-Score Number of Variance of RMS Phase x2 
I.D. 

(RS) RS Theoretical 

009 -0.524 96 22.50 
002 2.653 118 18.31 

0.871 76 28.42 
372 0.885 90 24.00 
374 0.501 102 21.18 
007 1.555 93 23.23 
389 -0.191 97 22.27 

-0.050 92 23.48 
0.706 98 22.04 

531 0.274 101 21.39 
454 -0.090 52 41.54 

We must conclude that a uniform distribution for 
the phase is not a good assumption. To determine 
what the phase distnbution was for the RS, we 
constructed histograms from the raw data. 

Figure 14 shows the distribution of phases for the 
RS and Monte Carlo stimuli for viewer 002. 
While the RS distribution is enhanced near ±189 
degrees and suppressed near O degrees compared 
to the Monte Carlo distribution, the differences 
are small (X2 = 10.62, df -= 8, p s 0.224) and, 
therefore, the random-phase model does not ap
pear to be a good fit to the da.ta for viewer 002 on 
his 25 September session. 

Figure 15 shows the same distributions for viewer 
007. In this case, the RS distribution is nearly uni
form on [-180,180} degrees, but it differs only 
slightly from the Monte Carlo distribution 
(X2 = 9.47, df = 8, p < 0.304). 

df = 499 
P-Value 

Observed 

25.46 564.6 0.978 
13.63 371.5 -4.9xlo-6 
24.43 428.1 0.010 
23.25 483.4 0.316 
18.64 439.2 0.025 
18.66 400.8 4.6xlo--4 
23.35 523.2 0.7&0 
22.29 ,413n 0.214 
20.22 457.8 0.093 
21.05 ,491.1 0.408 
40.48 ',87.3 0.363 

From the data sho'l'ffi in Thble 4, we see that theX2 
indicates significantoverall differences between 
the theoretical and observed phase distnoutions. 
However, Figures-14 and 15 show that the differ
ences between RS and Monte Carlo distributions 
are small. It is most probable, therefore, that the 
RS coupling to the CNS is weak, in general, and 
that the position of the sensor array is not neces
sarily optimized to sense the phase changes. 

2. Viewer Dependencies 
Viewers 002, 009, and 372 have produced consis
tent remote viewing results for many years-since 
1972 for viewers 002 and 009, and since 1979 for 
viewer 372. Viewer 389 is a recent addition, and 
has produced examples of excellent remote view
ing in the only experiment in which he has partici
pated; however, he has produced significant 
results in another laboratory. Whereas viewer 002 

• We thank Pr.oressor Jessica M. Ults, StatistiC3 Deparlment, Univenity of CAlifornia, Davis, California, for suggesting thi.! 
approach. · 
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produced the largestz-score (Zs - 2.653), viewer · 
009 produced the smallest (Zs - -0.524). The 
combined effect size for the experienced viewers 
is 0.621, and is 0.559 for the inexperienced view
ers. The difference is not significant. 

There are two considerations that prevent draw
ing conclusions about the viewer dependence of 
the data. The number of independent samples is 
small, but the most compelling argument against 
drawing conclusions is that placement of the sen
sor array is a seriously confounding factor. As 
stated in Section 11.2, we positioned the array in a 
location that maximized the response to a DS. 
This may not be the appropriate positioning for 
everyone. Indeed, it might not be optimal for any
one. 

To determine if there were any "obvioustt spatial 
dependencies that might indicate a more optimal 
array placement, we computed a complete set (all 
sensors) of Monte Carlo distributions for one ses
sion for viewer 002. Figure 16 shows the single
tailed p-values for the RMS phases for the RS 
and PS. They are displayed in the standard sen
sor-array configuration. The pattern for the RS 
suggests that a more optimal positioning of the ar
ray would be in the sensor 2-7 direction as indi
cated by an arrow in Figure 16. 

\ Remote Stimuli 
0.002 

2 
0.126 

0.572 
6 

0.238 
5 

0 

30 ,------1 Remote S1imuli I .,,.,,,,., .. i 
25 t Monle Carlo Stimuli -

20 

'§ 15 
0 

10 

5 

,o~~~~~~~~.......-..~~~~ 
-160-120-80 -40 0 40 80 120 160 

Rdative Ptwe Shif1 (deg) 

Figupe 14 Phase Distnbutions for Viewer 002: 
8125188 

I 

~O ------1 Remote S1imuli [ -::\::':',J 

~5 Monte Carlo Stimuli -

c, to -------------; 
·;;i \ 
C: l5 1----------,-.,.,.-.,~--; 

ci i 
io 
Is 
!o ~:!=:; ~~~~~~-'-'-..-.-C,---~~ 

-160-120-80 -40 0 40 80 120 160 
Relative Plwe Shift (deg) 

Figur;e 15 Phase Distributions for Viewer 007: 
3/'29/89 

Pseudo Stimuli 
0.848 2 0.710 

0.668 

0.684 
6 

0.700 

Figure 16 Phase p-valuesfor Viewer 1002: 8/25/88 

3. Pseudo Stimuli 
It was initially thought that the PS would act as a 
\1/ithin-run control. The results indicate, how
ever, that there was, on the average, a larger re
sponse to the PS than to the RS. While the 
difference was not significant, it is important to 
note that both of the responses are considered 
statistically robust (effect sizes of 0.599 and 0.924 
for the RS and PS, respectively). A number of 
viewers' responses appear to produce phases on 
opposite sides of the Monte Carlo distributions 
(e.g., viewers 002 and 007), but there is no overall 
correlation between the RS and PS p-values. 

A brief description of the hardware and software 
that is

1
responsible for stimulus generation may 

help i.ri understanding this outcome. The stimuli 
and th~ir timing are imitated by an HP computer, 
but ar~ controlled by an IBM PC. Each stimulus 
type h~s its own frame buffer within the PC. Our 
RS con~ists of a pattern of ls and Os that represent 
a sinusoidal grating in the center of an otherwise 
blank field. The PS pattern, a blank field that con
sists or:au Os, resides in a separate buffer. An in
terface\ board between the PC and a standard 
video ~onitor has its own internal frame buffer, 
which ~ automatically and continuously scanned 
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at 30 Hz to provide a standard interleaved video 
signal. Sec Figure 17. 

When the HP computer signals the PC to provide 
the appropriate stimulus, the following sequence 
of events arc followed (see Figure 17): 

(1) Phase locked to 60 Hz, the interface frame 
buffer is loaded with a copy of the appropriate 
stimulus frame buffer (either RS or PS). 

(2) The interface board automatically sends this 
pattern interleaved at 30--Hz. 

(3) After a preset time, approximately 100--ms in 
our experiment, the PC resets the interface 
frame buffer to zero {blank screen), and waits 

Main HP 

until another stimulus signal is received. 

At the video monitor, the PS are indistinguishable 
from the between-stimuli blank screens. At the 
PC, however, the PS are distinguishable from the 
blank screen background, because the PC must 
copy a frame buffer (albeit all Os) into the output 
frame buffer. 

In our experiment, the RS and PS results were 
statistically identical, and independently, both 
were significantly different from the Monte Carlo 
distnbutions. Tb.is raises the question as to wh.H 
constitutes the target stimulus. Our result is un
expected given the target was considered to be 
what was displayed on the remote monitor. 

IBM PC Monitor 

p:::::=====A..~=====~ f ~ 
30 Hz Inter-Stimulus 

Type RS/PS 

Stimulus Initiation 

RS 
Frame 
Buffer 

PS Frame 
Buffer 

Output 
Frame 
Buffer 

leaved Video 

Figure 17 Sequence of Events for Stimuli Generation 

It is conceivable that the internal activity of the 
PC, or its companion computer, was acting as an 
unintended target. If this were true, then there 
might be an electromagnetic (EM) coupling be
tween the viewer's CNS and the internal elec
tronic activity of the computers. It is well known 
that computers radiate EM energies at relatively 
high frequencies; for frequencies above 100 Hz, 
the shielded room is transparent. Analysis of the 
background runs (i.e., data collected in the ab
sence of a sender or viewer) showed no EM cou
pling into · the MEG electronics; therefore, it 
remains p<?SSible that the statistical effects we 
have seen are due to CNS responses to remote 
bursts of EM energy. 

Let us assume that the overall RS and PS effects 
are meaningful. Since the PSs are indistin
guishable at the monitor from the between-stim
uli background but are distinguishable at the IBM 

' 

PC, then the present experiment demonstrates 
that the source of stimuli is the IBM PC. 

During the SRI/Langley Porter study in 1977, SRI 
developed an entirely battery operated stimulus 
generator as a special precaution against the pos
sibility of system artifacts in the form of EM 
pickup. They reported significant CNS responses 
to remote stimul~ nonetheless.6 Therefore, it re
mains possible that we have observed an anoma
lous infonnation transfer. 

Before further research is conducted, it is impor
tant to measure the EM radiation, and to see ii it 
is of sufficient strength to be detected (by the ap
propriate hardware) in the shielded room. 

By adjusting the PC program, the PS internal ac
tivity can be eliminated. It would be interesting to 
see if the similarity between the RS and PS results 
persists. 

Otiservatlon of Neuromagnetlc Fields In Response to Remote Stimuli 

184 

Approved For Release- 2003/04/18: CIA-RDP96-00789R003100030001-4 



~ ... 

Approved For Release 2003/04/18: CIA-RDP96-00789R003r00030~01-4 

i 
( 

REFERENCES 
1. Dean, E. D., International Journal of 

Neuropsychiatry, Vol. 2, p 439, 1966. 

2. Tort, C. T., International Journal of 
Parapsychology, Vol. 5, p 375, 1963. 

3. Duane, T. D., and Behrendt, T., Science, Vol. 
150, p. 367, 1965. 

4. Cavanna, R., Ed., Psi Favorable States of 
Consciousness, Parapsychology Foundation, 
New York, 1970. 

5. Rebert, C. S., and Turner, A, "EEG 
Spectrum Analysis Techniques Applied to 
the Problem of Psi Phenomena," Physician's 
Drug Manual, Vol. 6, Nos. 1-8, pp 82-88, 
1974. 

6. Turg, R., May, E. C., Puthoff, H. E., Galin, 
D., and Ornstein, R., "Sensing of Remote 
EM Sources (Physiological Correlates)," 
Final · Report, Project 4540, SRI 
International, Menlo Park, CA, 1977. 

7. Sutherling, W.W., Crandall, P.H., Cahan, L. 
D., and Barth, D.S., "'The Magnetic Field of 
Epileptic Spikes Agrees with Intracranial 

blizations in Complex Partial Epilepsy," 
f;leurology, Vol. 38, No. 5, pp 778-786, May-
~988. 

8. )\\me, C. J., George, J. S., Medvick, P. A, 
q:)akley, M. T., and Flynn, E. R., "Source-:
~tion of Components of the 
Visual-Evoked Neuromagnetic RespJnse," 
lieuromagnetism Laboratory, Life Sciences_ 
aind Physics Divisions, Los Alamos National-
I)aboratory, Los Alamos, NM. 

9. dohen, J., Statistical Power Analysis for the_ 
Behavioral Sciences (rev. ed.), A.cademic =c 
~ress, New York, 1977. 

I 

10. ~n, R. G., Oden, D., White, B. A, and 
White, C. T., "Visually Evoked Cortical=: 
~otentials and Reaction TLme in Relation to 
S!ite of . Retinal Stimulation," 
B,lectroencephalography and Clin1cal """' 
t{europhysiology, Vol. 22, pp 313-324, 1967. -

11. Rlice, J. A., Mathematical Statistics am1 Data 
A(ialysis, Wadsworth & Brooks/Cole""" 
~vanced Books & Software, Paci.fie Grove,· 
pj 143, 1988. 

' 
Observatlon of NeuromagneUc Fields In Response to ~emote Stimuli 

185 

A~proved Fo~ Rel~as.e ~003/04/18: CIA-RDP96-00789R003 00030001-4 



I 2003/04/18: CIA-RDP96-00789R003100030001-4 
Approved For Re ease 

Electrodermal Correlates of Remote Attent:on: 
Autonomic Reactions to an Unseen Gaze 

William Braud, Donna Shafer, and Sperry Ar.~=ews 

Hind Science Foundation 

ABSTRACT 

20 

Anecdotal reports and a small number of prior laboratory studies sug;sst that 
persons are able to become aware of being stared at by anc~her pe=son, even in 
cases that preclude conventional sensory mediation. Previ=us stt.:dies ~ssessed 
deliberate, conscious detection of staring by asking subjec~s to make vsrbal or 
motor "guesses" whenever they felt stared at by another, sensorily i:olated, 
person. Such guesses were consistently accurate, but the effec~s were 
relatively weak. We hypothesized that stronger effects ~ight be obt~ined if 
relatively "unconscious" autonomic nervous system activi-:y were use~ as the 
indicator of staring detection, rather than conscious guessing. We =~asoned 
that autonomic reactions might be less distorted by higher =ognitive p=~cesses 
and might therefore provide a "purer" and more sensitive i::dicatcr. ::·.:o sets 
of sessions were conducted in which sympathetic nervous system activa-::on was 
assessed by means of electrodermal monitoring during ra::domly inte=spersed 
remote staring and nonstaring (control) periods. The monitc=ed subject ~as, of 
course, unaware of the number, timing, or pattern of these two t:-pes of 
periods. The possibility of sensory cueing was eliminated tr.rough the t.:SE! of a 
closed-circuit television system for staring. Sixteen ~~trained s~~jects 
evidenced significant autonomic discrimination, becoming mo=e activatec during 
staring than during nonstaring periods. Sixteen subjects who ha~ been 
extensively trained to become more aware of their intercon::ections wit~ ·other 
people and less defensive about their connectedness also evi~enced sign::icant 
autonomic discrimination, but became more calm during s-:aring than iuring 
nonstaring periods. Unconscious autonomic detection did indeed appear tc yield 
stronger effects than did previous conscious verbal (or =otoric) de-:ection 
assessments. 
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Autonomic Staring Detection 

INTRODUCTION 

Have you ever had the feeling that someone was staring at you from behind and, 
upon turning around, found you were correct? From time to time, most of us 
have had such a feeling, which appears to be a common part of the :-iuman 
experience. The feeling of "being stared at" is treated as a matter of course 
in countless novels by Tolstoy, Dostoyevsky, Hugo, Lawrence, Huxley, and many 
others. In surveys conducted in California (Coover, 1913) as early as :913, 
68-86 percent of respondents reported having had the experience on at least one 
occasion, and a more recent Australian survey (Williams, 1983) placed the 
fig~re at 74 percent. In a survey of San Antonio respondents recently 
completed as part of the present project, the figure was found to be 
approximately 94 percent. 

DEispite its widespread occurrence and familiarity, the staring experience has 
been subjected to surprisingly little scientific scrutiny. Is the presumed 
abi~ity to detect an unseen gaze merely a superstition, a cultural myth without 
rea: substance, an over-inflation of coincidental occurrences, a response to 
subtle sensory cues, or could the experience have a paranormal component? 

In 1898, Cornell University psychologist E. B. Titchener published a short 
article in Science i:1 which he addressed the "feeling of being stared at." 
Titchener mentioned that he had conducted a series of laboratory experiments on 
this topic and that the experiments had yielded negative results; he reported 
no details whatsoever regarding those experiments. Titchener indicated that 
such experiments "have their justification in the breaking down of a 
superstition which h~s deep and widespread roots in the popular consciousness" 
(p. 897). He attempted to provide a psychological interpretation o: the 
prevalence of the "staring" belief .based on nervousness in social situa:ions, ·· 
attracting the attention of the starer, turning, and noticing the starer's 
gaze. 

In 1912-1913, experimental research on staring detection was carried :ut by 
Stanford psychologist J. Edgar Coover. This was the first project that Coover 
undertook in his post as Fellow of Psychical Research--a position endowed (at 
$50,000 in 1911, then at $526,000 in 1918) by Thomas Welton Stanford, younger 
brother of the founder of the California school. In a paper published in the 
American Journal of Psychology (Coover, 1913), Coover reported the results of a 
study in which each of 10 subjects made 100 guesses of whether he or she was 
being stared at by an experimenter seated behind the subject in the same room; 
the subject kept his or her eyes closed and "shaded with one hand." The 
staring versus nonstaring schedule was determined by tossing a die. The 
duration of a staring or nonstaring trial was 15-20 seconds; the 100 :rials 
were distributed over 3 to 4 hourly sessions :hat were spaced one week apart. 
Overall, the subjects' accuracy of guessing did not depart significantly from 
chance. Coover discussed qualitative differences in the subjects' imagery and 
subjective impressions that he thought were correlated with the degree of 
confidence or certainty of their guesses, but did not substantiate his 
conclusions with quantitative data. He interpreted his findings as support for 
Titcherier's claim that the belief in staring detection was empirically 
groundless. 

In 1959, J. J. Poortman of Leyden University (Netherlands) reported a 
preliminary staring detection study in the Journal of the (British) Society for 
Psychical Research. Poortman himself served as a subject for 89 trials 

'· 
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(distributed over a 13 month period) in which he attempted tq guess whether or 
not he was being stared at by another experimenter; the sam~ person served as 
experimenter throughout the tests. Poortrnan was seated ~n a separate room 
adjoining that of the starer, with his back to the st~rer. Staring and 
nonstaring trials were of 2-5 minutes duration and were ran~omly scheduled by 
means of card shuffles. Portman achieved a 59.55 percent adcuracy rate which 
he called "suggestive and highly promising" although not si~nificant. (A re
analysis of Poortman's data by the present authors yield~ a one-t~iled p = 
.04). Poortman also provided several interesting observation~ of psychological 
conditions that appeared, in his own experience, to faciliJtate or to impede 
accurate staring detection. 

In the Coover 
controlled. The 
adjoining rooms 
nonstaring periods 
cueing possibility 
Williams (1983). 

and Poortman experiments, test conditibns were poorly 
subject and the starer were in the sarn1[ room or in ooen 

and the subject could have discriminat~d staring from 
by means of subtle, unintentional aud~tory cues. This 
was eliminated in two recent studies by Pe~erson (1978) and 

' 

Donald Peterson conducted two preliminary pilot studies ard a third formal 
experiment as part of a final year project for his M.~. degree in the 
Psychology Department of the University of Edinburgh; thes~ experiments are 
still unpublished. The pilot studies were relatively informal and were 
conducted in order to ascertain effective procedures that wopld later be used 
in the formal experiment. That formal experiment involved n~ne starer-staree 
pairs of participants. The starer and staree occupied se~arate, adjacent, 
closed cubicles. Special lighting and the use of one-way ~irrors permitted 
visual access in one direction only--i.e·;, the starer could ~ee but could not 
be seen by the staree. Isolation was increased further by re~iring the staree 
to listen to sound-masking white noise through headphones. T~e staree pressed 
a pushbutton whenever he or she felt "stared at"; the buttonipresses marked a 
chart recorder and provided "time on target" measures. \The staring and 
nonstaring periods were scheduled randomly by means of specia+ equipment. The 
actual test trials were preceded by brief training periods in\which the staree 
received feedback in an attempt to develop an appreciation\of internal cues 
that might be associated with staring detection. The me~ers of each dyad 
reversed roles during the experiment so that each person had in opportunity to 
serve as both starer and staree. There were 36 experimental ~essions overall, 
each of six minutes duration; each session contained three jQ-second staring 
periods. Analysis of results indicated significantly accu4ate detection of 
staring (p = .012, two-tailed). ' 

The experimental design was improved even further by Linda Williams, who 
conducted her studies in the Psychology Department of t~e University of 
Adelaide (South Australia) as. part of her B.A. honors thesi~ work. Williams 
presented portions of this still unpublished work at a 11983 conference. 
Williams (1983) provided excellent sensory isolation of her st~rers and starees 
by stationing them in separate, closed rooms 60 feet apart. ~ather than using 
a one-way mirror, the starer watched the subject by means of~ closed-circuit 
video camera/monitor arrangement. Twenty-eight starees par[ticipated in the 
study and indicated their staring detection guesses by ~eans of button 
presses. Each staree experienced 52 12-second staring trials iand 52 12-second 
nonstaring trials; the two trial types were spheduled randbmly by means of 
signalling tapes created on the basis of random numbers. Conve!ntional measures 
of accuracy,, as well as sensitivity m~asures (d') derived from ~ignal detection 
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theory, yielded significant results {p = .04, one-tailed). 

Table l 

Summary of Previous Staring Detection Experiments 

Scoring ::::feet 
Investigator Affiliation Design Features 

Rate Size 

E.B. Titchener (1898) Cornell University no data reported 

J.E. Coover ( 1913) Stanford University same room 50.20% .004 

J.J. Poortman (1959) Leyden University adjoining rooms 59.55% .18 

D.H. Peterson (1978) Edinburgh Ll~iversity one-way mirrors 54.86% .42 

L. Williams (1983) Adelaide University closed-circuit TV 51.31% .32 

Three of the four empirical studies reviewed above yielded suggestive ev~cence 
that persons are able to consciously discriminate periods of staring from ~::.ose 
of nonstaring, even in the two cases in which the possibility of subtle se~sory 
cues was eliminated. In fact, an examination of the tabulated results (see 
·rable l) reveals that scoring actually improved as test ·conditions were ~ade 
more stringent, especially if success is measured in terms of effec~ size 
(defined as z-score or equivalent z-score divided by the square root ~f the 
number of contributing score units; see Rosenthal, 1984). 

The effect, however, although consistent, was not particularly striking. A 
plausible reason for this is that the testing method used in these studies was 
not the most appropriate one. The laboratory experiments were designed to 
encourage deliberate conscious guessing in order to identify staring periods. 
Such a procedure would be expected to maximize possible cognitive interferer.ces 
and distortions of subtle internal s~aring-related cues; it would be difficult 
or impossible for .the staree to avoid the use of guessing strategies, response 
~iases, intellectual analysis and interpretation, etc. In the everyday life 
context, on the other hand, staring detection frequently takes the form of 
spontaneous unconscious behavioral and bodily changes. Often, such changes are 
niported to be rich in physiological content (e.g., tingling of the skin, 
prickling of neck hairs) and automatic movements (e.g., spontaneous head
turning, unplanned glances). Higher cognitive functions seem to play minor 
roles in these staring detection contexts. 

On the basis of these considerations, it was hypothesized that an experimental 
design based upon more unconscious autonomic nervous system reactions m!ght be 
more sensitLve to staring detect~or. than would one based upon conscious motor 

\ 

_7 

. . 2003/04/18: CIA-RDP96-00789R003100030001-4 
Approved For Release 



I 
2003/04/18: CIA-RDP96-00789R003 00030001-4 

Approved For Re ease 
Autonomic Staring Detection 

guessing. Therefore, we designed an experi~ent in which we woul~ be a:~e 1 

monitor sympathetic autonomic nervous syste~ activity (us:ng e~ectro:srma_ 
I , ~ 

recording techniques) in the staree during sitar ing and nons:ar ir.; per 1 =·-S tc 
determine whether those periods could be unco~sciously diffe:entiated. As i 
the Williams study, separate closed rooms ~nd a closed c~rcui: tele~~sic 
system would be used to eliminate conventiona~ communication chan~els be:wee~ 
starer and ataree. We also sought to compareithe autonomic stari~g dete:tio~ 
ability of two groups of subjects. One group ~teated in Phase l) conaia:ed o~ 
untrained subjects. Another group (tested it' Phase 2) cone~sted of sut:ect 
who had undergone special training designed to ncrease their ~nders:andi~; ant 
experience of human interconnectedness and ~o help them jeal with :~ei: 
psychological resistances to feeling interconnectjed with others. 

HETHOD 

Subjects 
i 

Thirty-two subjects participated as starees in\ this experimen:. T~e sub:ecte 
were unselected (perhaps a better description wo~ld be "self-se~ecte::") pe:~ons: 
from the local community who were interested\ in our experiments and wk hac 
become aware of the Mind Science Foundation's\work through media ~nforma:io~ 
(local radio, newspaper, and newsletter descriptions) and infor~ation :ro~ 
previous subjects. The participants ranged in\age from 22 to 71 years; :~ere 
were 24 females and 8 males. The 32 subjects we~e teated in two phases. ?~ase 
1 involved 16 subjects who were ttuntrained." P~ase 2 involved 16 s~jjects whc 
had been ("self-") selected from the same genera~ subject pool; -:hese subje:t:s, 
however, were tested following their parti~ipation in a "coc~ectec~ess 
training" program (see below) conducted by the t~ird author (S.A.). :he se:~nc 
author (D.S.) played the role of both experim~nter and starer thrc~ghout :he 
experiment; she, too, participated in the co\nnectedness tra:.nini;; follc·..-:.ni; 
Phase 1 but before Phase 2. · 

Apparatus 
\ 

The experimental apparatus consisted of atlver/silver chlorice pa~~ar 
electrodes, a skin-resistance amplifier, and ;n analog-to-digital conve:-:er 
interfaced with a microcomputer. This equipqient was identical to :jat 
described in previous reports (Braud & Schlitz, \1983; Schlitz & Bra-.:d, 1985). 
A closed circuit television system was addedJ so that the staree coulc be 
viewed by a distant starer without sensory dueing. A color viceo camera 
(Hitachi camcorder VM-2250) was set up on a tri~od in the staree's room. :he 
camera's radio frequency (RF) output was boos\ted by a 10 dB ampli:ier t:-.en 
conveyed via heavy duty 300-ohm impedance twin-lea!d cable to a 19-inch color TV 
monitor (Sony Trinitron KV-1114) situated in the st~rer's room. : 

' 
Procedure 

i 
The experimenter met with the subject in the Foundation's library, ~here t~e 
subject completed the Myers-Briggs Type Indicator! (Form F: see Briggs & Myers, 
1957), a 55-item personal history survey (Particfpant Information Form [PIFj) 
developed at the Psychophysical Research Laborato~ies (Psychophysical Resear=h 
Laboratories, 1983), and a brief staring questionnaire. The stari~g 
questionnaire asked whether the subject had ever ~elt an unseen person stari~g 
at him or her and whether such an experienc~ took the form of a physical 
sensation or, a conscious thought; the questionnair~ also asked that the subje=t 
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describe the experience. After completing these assessments, the subject was 
taken to the starer's room, shown the television monitor, and informed of the 
details of the procedure. 

Next, the experimenter led the subject to the staree's room, which was located 
in an entirely different suite area across an outside corridor. The two rooms 
were separated from each other by two inner hallways, an outer corridor, and 
four closed doors. Conventional sensorimotor communication between these two 
rooms, under the conditions of the experiment, was not possible. The staree's 
room was brightly illuminated by means of overhead fluorescent lights. The 
camera was mounted on a tripod six feet away from the subject's chair, at eye 
level, and at an angle of approximately 45 degrees left of center (from the 
subject's point of view). The camera's zoom lens was set so that the subject's 
shoulders, neck, and head would be visible on the monitor in the starer's room. 

The subject was seated in a comfortable recliner chair (which remained in an 
upright position throughout the experiment), and the experimenter attached two 
silver/silver chloride electrodes (7 mm diameter) filled with partially 
conductive electrode gel to the subject's left palm by means of adhesive 
electrode collars. The subject was asked to sit quietly for the next 20 
minutes, to refrain from unnecessary movements (especially of the left hand and 
arm), and to think about whatever he or she wished during the experiment. The 
·subject was told that the camera would be on throughout the 20-minute session, 
but that the experimenter would watch the monitor only at certain randomly 
determined times during the experiment; at those times, the experimenter would 
stare intently at the subject's image on the distant monitor and· would attempt 
to gain the subject's attention. The subject was asked to "keep in the back of 
your mind a gentle wish that the experiment will be successful." The 
experimenter then left the subject alone in the staree room and went to the 
distant starer's room, closing all doors behind her. 

In the starer's room, the experimenter recorded the subject's basal skin 
resistance, then retrieved from a hidden location a sealed, opaque envelope 
that contained the random staring/nonstaring periods sequence for that 
session. Thirty-two such envelopes had been prepared previously by W.B., who 
had used the random algorithm of G W - BASIC to generate the random sequence of 
the 10 staring and 10 nonstaring periods for each session. ln a hidden 
location known only to him, W.B. kept his own copies of the 32 random 
sequences. The experimenter started the microcomputer program that controlled 
the timing of the various events of the experiment and recorded the subject's 
electrodermal activity during each of 20 30-second recording periods. Each of 
the 20 recording periods was signalled by a low-pitched tone (audible only to 
the experimenter, through headphones); a 30-second rest period followed each 
recording period. The experimenter consulted the contents of the session 
envelope to learn which of the 20 recording periods were to be devoted to 
staring and which were to serve ae the nonstaring, control periods. If the 
random sequence indicated a staring period, the experimenter swiveled her chair 
around so that it faced the TV monitor; she stared intently at the subject's 
monitor image throughout the 30-second recording period. During nonstaring 
periods, the ·experimenter kept her chair turned away from the monitor, ea that 
she could not see the monitor's screen; she busied her mind with things 
unrelated to the experiment. All reflective surfaces had been carefully 
covered so that inadvertent glimpses of the monitor screen were not possible. 
The experimenter did not receiv~ electrodermal feedback of any type during any 
phase of the.experiment. 
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At the end of the experimental session, the computer printed the electroderma = 
results for each of the 20 recording periodsJ, These scores represented th,_ 
integrated then averaged values of al 1 spontapeous akin resistance reactions 
that occured during each recording period ('see Braud & Schlitz, 1983, for 
details). The experimenter carefully tore of[f the paper printout, folded ii
without looking at the electrodermal scores,! and filed it away in a spec1.a. 
location. Then, she went to the staree'a ropm and discussed the experiment 
with the subject in general terms. Neither e~perimenter nor subject had any_ 
kr.owledge of the numerical results for the sessi~n. Only after all 32 sessionc
had been completed did W.B. analyze the re~ults and give the experimentei 
feedback. The experimenter later provided ffedback to those subjects who 
requested it. I 

I 
The first 16 subjects who participated in Phas~ 1 of the study had no specia: 
preparation. The 16 starees of Phase 2, however/ had received "preparation" in 
the form of participation in "connectedness training" workshops conducted at;_----c, 
Mind Science Foundation by the third author (S.A.). Workshop participants hac 
spent approximately 20 hours engaging in intellectual and experiential 
exercises involving feelings of interconnecte9ness with other people and 
dealing with their own psychological reaiatanc~a to merging with others. Th~~ 
workshop began with a group viewing of a vid$otape based on Peter Russell's 
book, The Global Brain (Russell, 1983). This!was followed by discussions o! 
the videotape, lectures by S.A., and expJriential· exercises in which 
pa::ticipants became increasingly comfortable 4nd adept at "connectingH witl"
each other. The latter took the form of staring\into another person's eyes for 
long periods of time, becoming comfortable ~ith this, observing how one's 
physiological reactions came to more closely r~semble those of the other, and 
conversing and retrieving information while ~aintaining eye contact (rather._ 
than averting the gaze upward or sideward, as woJld usually occur during memor~_ 
retrieval and cognitive processing; see Baka~, 1980). Individual and group 
discussions were devoted to learning about ~nd dealing with psychological~ 
resistances that interfered with the process of iconnectedness or with feelings~ 
of merging with another person. The experiment~r/starer for·the present study 
(D.S.) actively participated in all work.hop se•sions. All workshop 
participants were aware that _the workshop.wou~d be followed by an experiment-=! 
involving physiological detect~on of star1.ng, ~ut were not aware of any more 
details of the study than were the 16 untrained s~bjects of Phase 1. 

! 
i 

In the present study, we simply explored the poslsible effects of connectedness 
training. We did not make any predictions abo~t scoring direction in the two 
phases, and therefore planned to use two-tailed t 1ests in their evaluations. It 
could be argued that the training may have increa~ed the sensitivity of Phase 2 
subjects to whatever effects occurred in Phase~- Alternatively, the training 
may have resulted in a qualitatively different rea'ction pattern in Phase 2. 

RESULTS 

For each of the 32 sessions, a total score was c~lculated for all 20 recording 
periods (10 staring and 10 nonstaring). This total score was divided into the 
sum of the electrodermal activity scores for the 10 staring (S) periods; the~ 
process was repeated for the 10 nonstaring (N) i periods. In the absence of a~ 

I 
remote staring effect, these two ratios [S/(S + N), N/(S + N) should 
approximate so. percent. A remote staring effect would be indicated by a 
significant departure of the scores from ~he 50 percent mean chance~ 
expectation. Single-mean tests were used to asse~s the departure of the ratios-

20 -
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from H.c.:::. (SO percent). This is equivalent to calculating dependent 
(matched) : tests to compare the raw scores for each subject for staring versus 
nonstaring periods. We have consistently used ratio scores in our various 
projects as a method of "standardizing" scoring so that scoring magnitude could 
be more rr,eaningfully compared for the different response systems that we 
measure. 

First, an analysis was performed on the staring/total activity ratios of the 16 
untrained subjects of Phase 1. A single meant test indicated that the 16 
untrained atarees exhibited significantly greater spontaneous electrodermal 
activity c·Jring staring periods than during nonstaring, control periods. The 
mean perce~t electrodermal activity for staring periods was 59.38%, rather than 
the 50.00% expected by chance. The single meant test comparing the 16 staring 
period per:ent scores with 50% H.C.E. was 2.66 which, with 15 degrees of 
freedom, has an associated two-tailed p = .018, and a calculated effect size= 
.59; the 95% confidence interval is bounded by the values 51.86% and 66.90%. 
Thus, these subjects were significantly activated (in terms of sympathetic 
autonomic activity) by remote staring, compared to the nonstaring, control 
periods. 

Next, a farallel analysis was performed on the scores for the 16 Phase 2 
subjects •,.:'.",o had experienced connectedness training prior to their experimental 
sessions. A single meant test indicated that the 16 trained starees exhibited 
significan::y less spontaneous electrodermal activity during staring periods 
than duri~g nonstaring, control periods. The mean percent electroderrnal 
activity f~r staring periods was 45.45%, rather than the 50.00% expected by 
chancH. 7ie single meant test comparing the 16 staring period percent scores 
with 50% ~.C.E. was 2.15 which, with 15 degrees of freedom, has an associated 
two-tailed p = .048, and a calculated effect size of .50; the 95% confidence 
interval is bounded by the values 40.9~% and 49.95%. Thus, these trained 
subjects ~ere significantly calmed (in terms of sympathetic autonomic activity) 
by remote s:aring, compared to the nonstaring, control periods. 

If the scc=es for the subjects of the two Phases are directly ·compared by means 
of an incependent groups t test, a significant difference is found between the 
untrained and the trained subjects (t = 3.39, df = 30, p = .002, two-tailed). 

Secondary analyses were performed to test the equivalence of the Phase 1 and 
Phase 2 subjects in terms of their personality (HBTI) and physiological 
(electroder~al activity) characteristics; a sununary of these analyses is 
presented in Table 2. For the HBTI scores, group means are presented for the 
continuous scores of the extraversion/introversion, sensing/intuition, 
thinking/feeling, and judging/perceiving dimensions. A score of 100 represents 
the midpo:.nt of each -continuum, Scores less than 100 indicate tendencies 
toward extraversion, sensing, thinking and judging; scores greater than 100 
indicate tendencies toward introversion, intuition, feeling and perceiving. 
For electrodermal activity scores, group means are given for the sum of 
spontaneous skin resistance responses integrated over all 20 recording epochs 
(total SRP.) and for the subjects' initial basal akin resistance (BSR) in ohms. 
High total SRR scores and low BSR scores are associated with increased 
sympathetic· autonomic arousal, whereas low total SSR scores and high BSR scores 
are associated with,decreaeed sympathetic arousal. Analyses indicated that the 
Phase 1 and Phase 2 , groups did not differ significantly on any of these six 
measures. 

ll 
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Table 2 

Group Means and Statistical Comparisorls of Personality and 
Physiological Characteristics of Phase~ and Phase 2 Subjects 

I 

\ 

HBTI Continuous Scor$s Electrodermal Activi:y 

Phase 1 (Untrained) 

Phase 2 (Trained) 

t 

p (2t) 

E I 

87.12 

98.75 

1. 49 

. 15 

S N 

123.00 

133.69 

1. 44 

.16 

T F J p 

106.75 11·1.oo 

98.06 , 103.50 

1.23 1.52 

. 28 . 14 

Total SRR 

605.19 

656.06 

0.54 

.60 

BSR 

343,506 

289,00 

0.82 

.42 

We are now able to supplement the findinge.prefiously summarized in Table l 
with the results of the present investigation (see fable 3). 

Table 3 

Summary of Present·Autonomic Staring Det,ction Experiments 

Investigator 

Present study (1990) 

untrained subjects 

trained subjects 

Affiliation 

Mind Science 
Foundation 

\ 

' 
Design Fe~tures 

i 

closed ci~cuit TV 
autonomic 'measures 

Scoring Effect 

Rate Size 

59.38% 

54.55% 

• 59 

.so 

A more detailed statistical summary of all relevantlstaring detection research 
I 

is presented in Table 4. If effect size is taken !to be the most appropriate 
measure. of the strength of an obtained outcome, it \appears that the autonomic 
recording method of the present study does indeed ~ield stronger results than 
do the conscious guessing measures of staring ~etection used in previous 
studies. ! 

I. 

\ 
22 
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Table 4 

Statistical summary of All Staring Detection Experiments 

Effe~t 
study teat p ( 1-t) z n 

Size 

Coover (1913) z = 0.126 .4499 0.126 1000 .004 

Poortman (1959) z = 1. 70 .044 1. 70 89 .18 

Peterson (1978) t = 2.648 .006 2.51 36 . 42 

Wiliiama (1983) t = 1. 77 .044 1. 70 28 .32 

Present: untrained subjects t = 2.66 .009 2.37 16 .59 

Present: trained subjects t =-2.15 .976 -1. 98 16 -.so 

The statistical values of Table 4 may be used in a preliminary meta-analysis of 
all staring detection studies reported to date. The. table lists t~.e 
statistical test presented in the original report, the one-tailed p val~e 
associated with that test, the z-score equivalent of :hat one-tailed p value, 
the number of units contributing to the analysis, and the effect size 
(calculated by dividing the equivalent z score by the square root of n). 
Combining all six tabulated entries yields a mean z = 1.07, a Stouffer z = 2.62 
(with associated one-tailed p = .0044), and a mean effect size= .17. T~e 
Stouffer z procedure, a preferred method for combining probabilities of several 
studies testing essentially the same hypothesis, is described by Rosenthal 
(1984); this source also provides an excellent discussion of various effect 
size measures. 

A comment is necessary regarding the last entry of '!able 4. In the presen: 
research, we sought to determine whether the subjects would autonomically 
discriminate the staring from the nor.staring (control) periods; indeed, the:,: 
were able to do this in both Phases. No prediction was made regarding the 
direction of their differential autonomic response, i.e., whether their 
electrodermal activity would be greater or less during staring periods 
(compared with nonstaring periods). For this reason, two-tailed tests were 
used for each Phase, and results for both Phases were "successful." However, 
for purp<:>ses of meta-analysis, it is cust:omary to use only one-tailed tests anc: 
p-values in the tabulations. It is also customary to use a negative sign for a 
result that is inconsistent with the bulk of the results (see Rosenthal, 1984, 
p. 95). We have followed this convention when entering the results for the 
trained subjects (Phase 2) of this study. This provides a conservative 
estimate of overall results, because the autonomic discrimination of the 
trained, Phase 2 subjects was just as effective as that of the untrained, Phase 

23 
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1 subjects, but happened to be in the "calm" as oppos!;:!d to the "active" 
direction. This ''reversal" of direction becomes understandab~e when considered 
in relation to the nature of the training experienced by these subjects (see 
below) . 

It should also be pointed out that the units of analysis foJ the effect sizes 
reported in Table 4 are not comparable for all studies. Ef~ect sizes for the 
first two studies (those of Coover and of Poortman) are based \upon trial units, 
whereas those of the remaining studies are based upon subj\ect units. These 
differences should be borne in mind when evaluating these effec\t sizes. 

\ 
DISCUSSION 

Prior research had yielded suggestive evidence that pers~ns were able to 
discriminate staring and nonstaring periods by means of deli~erate, conscious 
guesses. The aim of the present project was to determine whi

1
ther staring and 

nonstaring periods could be differentiated by means of m re "unconscious" 
physiological reactions. The electrodermal activity dif erences between 
staring and nonstaring periods indicated that such differentia~ion could indeed 
occur. We chose to measure spontaneous electrodermal fl~ctuations (i.e., 
changes in skin resistance reactions) because such meaaure!T(ents are easy to 
make, are sensitive indicators, and are known to be useful per~pheral measures 
of the activity of the sympathetic branch of the autonomic nervrus system. The 
occurrence of many or of high amplitude skin resistance reactions (SRRs) is 
symptomatic of increased sympathetic activation or arousal, which may in turn 
reflect increased emotionality (see Braud, 1981; Edelberg,11972; Prokasy & 
Raskin, 1973). On the other hand, the occurrence of few or ~flow amplitude 
SRRs indicates decreased sympathetic activation or arousal, w~ich may in turn 
reflect decreased emotionality and, therefore, a greater deg~ee of emotional 
and mental quietude or calmness. 

The results of both phases of this study indicate reli\able autonomic 
discrimination of staring and nonstaring periods, and the r~latively large 
effect sizes suggest that autonomic detection may be a more powerful method 
than conscious guessing for the detection of staring effects. Ppase 1 findings 
suggest that the starees were more activated during the staring than during the 
nonstaring epochs. Phase 2 findings suggest that those starees\were more calm 
during staring than during nonstaring periods. This latter iinding does in 
fact make sense in view of the training experienced by the Ph~se 2 subjects. 
That training was designed to allow persons to become more cqmfortable with 
staring and with "connecting" with other people, and permitted ~he trainees to 
reduce at least some of their defenses or resistances to starin~, being stared 
at, and "merging" with another person. In the course of their \training, many 
trainees reported that their staring encounters became quit,e positive and 
pleasant interactions, and they expressed disappointment when :):he encounters 
ended. We speculate · that similar processes may have occurred[' during remote 
staring: The trained subjects of Phase 2 may have "missed" contac with and the 
attention of the starer (with whom they had become increasingly f iliar during 
the course of the training), and may have become more relaxed!and calm when 
that attention was provided, albeit in remote form, during the ~taring epochs 
of the experiment. A useful analogy for the reader might be\the alarm and 
distress that occur upon the removal of an imprinted obj1ct from the 
environment of an imprinted precocial fowl or other organism, and \the distress
reduction that occurs when the imprinted object is re-introduced \(see Bateson, 
1966; Johnson, 19891 Peach, 1988; ·Ratner & Denny, 1964). Fo~ the Phase 1 

I I 
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starees, who did not have the benefit of the connectedness training, bei~g 
stared at (even in its remote form) may have been experienced in a more typical 
way, i.e., as threatening (see Argyle, 1975) and sympathetically activati~.g 
{rather than calming). 

The above comments apply not only to the stareea, but also to the starer. 
Although she attempted to behave identically and maintain identical attitudes 
in the two phases, when she began Phase 2, the starer (D.S.) had, of course, 
participated actively in the connectedness training and may well have been mo:e 
comfortable and relaxed about merging with her subjects in Phase 2 than she had 
been in Phase l, This increased comfort and relaxation could have been 
reflected in the "calming" direction of the Phase 2 results. 

It is possible, of course, that the different patterns of findings for Phase 1 
and Phase 2 are manifestations of a differential effect contributed by the 
experimenter/starer's experience of two juxtaposed sets of experimental 
sessions (see Rao, 1965, 1985). Alternatively, it is possible that t::e 
different patterns are contributed by a nonequivalence of characteristics cf 
the subjects in the two phases. This latter hypothesis is not a convinci~g 
one, since the subjects for the two phases came from the same general 
participant pool and did not appear to differ importantly in terms of?:: 
characteristics, MBTI profiles, or overall electrodermal reactions (eitr.er 
basal skin resistance or total electrcdermal activity for the session, both c: 
which reflect general arousal level, nervousness, etc.). It would appear that 
the participants in the two phases were suffidiently similar in their initial 
characteristics to rule out differences attributable to those facto~~ alone. 
The participants' training {that of the starees and of the starer in Phase 2) 
appears to have been more critical in determining the results. Further 
research will clarify these issues. 

In addition to its relevance to staring detection, the present findir;gs 
contribute to our understanding of processes involved in our ongoing series of 
"biological psychokinesis" (bio-PK) or "remote mental influence" experiments. 
In those experiments, we have found that "influencers" can produce directio"al 
changes in electrodermal activity and other reactions in spatially distant 
living target systems through the use of intentional and imagery strategies 
(seei Braud & Schlitz, 1989, and Braud, Schlitz & Schmidt, 1989, for summaries 
of these findings). The findings of the present staring-detection stcdy 
indicate that the mere focusing of attention or awareness upon a remote living 
system may perturb that system in a nontrivial manner, even in the absence of 
deliberate attempts to influence a specific aspect of the system in a 
particular direction. It is significant that such attention-mediated effects 
can occur (as they did in the present research) without the provision of real 
time sensory feedback to the attention source. Our bio-PK experiments, 
therefore, would appear to include two important components: (a) a specific, 
directional influenc·e (determined by the experiment's protocol), as well as (b) 
a more general, nonspecHic effect contributed by the deployment of the 
influencer's pure attention or awareness upon the target system. Similar 
effects 6f attention per se have been reported in other experiments with living 
systems (e.g., Please & Dey, 1985). The effects of components (a) and (b) 
would, of course, be expected to be modulated by the predispositions of the 
systems or persons being influenced in these experiments, and the "influencees" 
could provide .additional components that could combine additively or 
multiplicatively with influences (a) and (b). 
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It would be of great interest to repeat the prese~t experiments using 
instrumentation that permitted real-time monitoring o~ brain electrical or 
magnetic activity, instead of or in addition to th~ peripheral autonomic 
measures used here. Such a project, involving five in?ependent, cooperating 
brain research laboratories, has been designed by S.A. and is currently being 
pursued as a collaborative research effort. Spatio-tempo#al topographical maps 
of electroencephalographic or rnagnetoencephalographiq activity, recorded 
simultaneously in starer and ataree, could reveal\ subtle and complex 
interactions that have heretofore evaded detection. \ Several suggestive 
investigations of this type have already been reported (\Grinberg-Zylberbaum & 
Ramos, 1987; Grinberg-Zylberbaum, Delafor & Sanchez-Ar\ellano, 1990; Orme
Johnson, Dillbeck, Wallace & Landrith, 1982). The n~wly developed brain 
electrical activity mapping (BEAM) technology, which embloys traditional EEG 
scalp electrodes and amplification, but intensive real tirr.~ computer processing 
(fast Fourier transformations and extensive high resolutioh color topographical 
displays), promises to be the instrumentation of cholce for such future 
investigations. BEAH technology allows the display of ~rain maps that rival 
those produced by computerized axial tomography (CAT iscans) or positron 
emission tomography (PET scans), but without the disc~mfort, invasiveness, 
potential risks, or expense of the latter two methods. \ 

The present finding of a correlation between the attentidnal processes of one 
person and the physiological activity of another, apatial\ly separated, person 
(along with the findings of numerous "bio-PK" investigat~ons and, indeed, of 
the entire body of evidence from parapsychology and psychical research) is 
consistent with a conceptualization in which people are\viewed as sharing a 
special interconnectedness. Such an interpretation is alfO consistent ~ith a 
view of mind as unitary and nonlocal (see Dossey, 1989, for the most recent, 
and perhaps the single most satisfactory, exposition of this\theme). 
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REMOTE VIEWING: FROM WHAT TIME FRAME DOES THE 

INFORMATION ORIGINATE? 

ABSTRACT 

by 

Nevin D. Lantz, Edwin C. May, and Thomas Piantanida 
SRI International, Menlo Park, California 

In order to determine from what time frame remote viewing information originates, we have examined 
the role of precognition and feedback on remote viewing quality. We displayed the feedback tachistos
copically al the end of an otherwise standard remote viewing protocol. The cognitive awareness of the 
feedback experience was minimal, and 2 of the 8 intensities used for visual display of the feedback were 
below subliminal threshold. We hypothesized a number of possible relationships between feedback in
tensity and remote viewing quality, including one based on precognition (i.e., the remote viewing data 
originated from the future feedback). Four viewers contnbuted 40 trials each (5 at 8 different intensity 
bands). Using a sum-of-ranks statistic, two viewers produced independently significant evidence of re
mote viewing (o s 3.5 x 10-6, effect size= 0.711, andp s 0.012, effect size - 0.357, respectively). None 
of the data showed significant correlation off eedback intensity with remote viewing quality. This result 
is discussed with regard to precognition in general and the troublesome unfalsifiablity aspect of truly 
goal-oriented precognition. 
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I INTRODUCTION 

One model of remote viewing, which is based on precognition, is that the data originate from the future 

feedback to the viewer. If we are to understand the process of remote viewing, we must examine and 
understand the process of precognition. Unfortunately, precognition itself is not understood. For some 

experimenters, it is simply a "clean" methodology for conducting free-response experiments, while oth
ers have attempted to understand its mechanisms. Our interest was to explore the properties of precog
nition by examining the relationship between feedback and remote viewing quality. 

For the purposes of this paper we have assumed that precognition is real. While there are many exam

ples in the pa.rapsychological literature, we cite Honorton and Farrari's meta-analysis of the forced
choi-ce experiments from 1935 to 1987 as convincing evidence for the phenomenon. I Using 309 studies, 

the:, found OV(!rall significance (Z = I 1.41,p ::5: 1.8 x 10-3°). In their analysis, they examined a variety of 

var.1bles, including file-drawer and quality considerations. 

Given that precognition is real, it Gppears that we have little understanding about its physical process. 

One approach to understanding precognition, has been to examine quantum mechanks. De Beauregard 

has explored the inherent time symmetries at the microscopic scale and the correlations implied by the 
Einstein-Podolsky-Rosen paradox. He found that precognition is consistent with fully relativistic quan
tum mechanic:s.2,3 Schmidt has suggested that retro:.causal interactions (i.e., PK effects propagating 

bac:i:ward in time) is also not inconsistent with quantum theory.4,5 

Mo:e recently, E. Thrg and R. Thrg conducted an experiment to explore the structure of precognition.6 
Nar.,ely, do individuals have access w actualized or probable futures? Their evidence suggests that pre

cog::ition is independent of a priori target probabilities. However, in asimilar experiment, Radin found 
sigrdicant evidence contradicting tnei.r result.7 

1n a carefully constructed experiment, Vassy found that a goal-oriented model of precognition did not fit 

his cata. 8 His J['esult was at least superficially inconsistent with Schmidt's finding that RNG results were 
inde,,endent of the internal complexity of the hardware.9 

One of us (May) has been exploring the nature of precognition and suggests that precognition experi
me;.:s are relatively easy to construct and nearly impossible to understand. For example, if precognition 
is gcal-oriented (i.e., individuals can "peek" into the answer book), then process-oriented experiments 
are jifficult, if not impossible, to interpret. It is always possible to include all the complexity of any given 
experiment into a "black box" and consider the final result as the "answer book." Thus the intervening 
corr.;:ilexities ar.e simply not apropos. 

One obvious problem with this perspective is that goal-oriented precognition is not falsifiable-an unac
cep:Jble circumstance in science. For any experiment to be valid, there must be a result. No matter how 
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II METHOD OF APPRPACH 
, I 

1. Conceptual Description 
In a typical remote viewing (RV) trial, a viewer and monitor are sequestered in a laboratory. ~ assistant 

' I 

randomly selects the target from a pre-defined set (i.e., target pool). At a pre-detennin¢d time, the 

viewer attempts to describe the target. At the end of the session, the data are secured, and the intended 

target is shown to the viewer as feedback. Normally the feedback includes a presentation 4f the target 
and a complete debriefing of the RV experience. · 

In this experiment, we eliminated all debriefing of the RV experience, and presented t~e feedback 
tachistoscopicaliy. The display intensities varied from zero to a level that just exceeded the ~isual recog

nition threshold (i.e·., that intensity where the target could be easily seen and described in .\detail). Ex
treme care was taken in order to insure that the viewer was the only individual who was simpltaneously 
aware of both the target and the response. 

Figure 1 shows four hypothesized feedback dependencies:· 

(1) Precognition-The information originates from the future feedback experience. 

(2) Real-time-The information originates from the target during the remote viewing. 

(3) Mixture-At low feedback intensities, the infonnation originates from the target, but a'.t higher in-
tensities, it originates from the feedback. · 

(4) Null Hypothesis-No evidence of remote viewing is observed. 

High 
Real-time and (J) 
Precognition 

Precognition (I) 

(2) 

Low "-----+----------1--------
Subliminal 
Thmhold 

Intensity of Feedback - Recognition 
Threshold 

Figure 1 Idealized Relationships Between RV Quality and Intensity of Feedbacki 

• Assuming, of course, that prccognitioo is not cxclu.uvcly goal oriented. 
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One important implicit assumption must be true before the various hypothetical models shown in Fig

ure 1 can be valid. Namely, the feedback experience is assumed to be proportional to the cognitive aware

ness of the visual feedback. Based on this assumption, the amount of information available as f tedback 

constitutes the independent variable. 

2. Detailed Description 

2.1 Calibration of the Tachistoscopic Intensities 
We assume that the magnitude of the feedback is directly proportional to the duration of the viewer's 

exposure for a given level of luminance, or (because of Bloch's Law) proportional to the lumin2:1ce at a 

fixed exposure time.· A tachistoscope was loaded with 80 color photographic 35 mm slides (5 opaque and 

75 having various luminance contrasts) of natural and man-made scenes (photographs from National 

Geographic) randomly chosen from a larger pool of 200.t 

Figure 2 shows an ideal relationship between visual detectability and luminance for this experirr.!nt. To 

lessen the sensitivity to individual differences in perceiving the feedback, we required that the ;:,sycho

metric curve rise rapidly through the 50% detection level. We identified eight levels of feedback :.ntensi

ty that would be used as the values of the independent variable in the experiment. Two were below 

subliminal threshold (i.e., 0.0 detection probability), and one of these was completely opaque. Three 

were at 25, 50, and 75 percent detection threshold, respectively, and twq were above recognition thresh

old (i.e., > 100 percent). These points are shown as arrows in Figure 2. 

1.00 

~ 
~ 0.75 
..0 

£ 
C 0.50 
0 
·5 
<..) .... 
<..) 

0 
0.25 

0.00 . 1 
SubliminaL-J 
Threshold 

Luminance 

Figure 2 Ideal Psychometric Function 

Visual detection, however, is not related to lu,minance alone. For a fixed luminance, scenes witb differ

ing contrasts will be detcc.ed with differing probabilities. At the same luminance, for example, a photo

graph of a checkerboard will be easier to detect than a photograph of a mountain cabin in a snow storm. 

Thus, each of the candidate target slides had to be calibrated with human observers in order to determine 

the empirical relationship between detectability and luminance. 

• For presentation time! shorter than about 1001Tl5, the prcx:lucl of lime and intensity i.! a oonstant.10 

t The opaque slides were also r,aotographs from the Nationd GtO[?"r1phic magazine, but they were covered with opaque black 
tape. 

\ 
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"\ 

To accomplish this, we varied the luminance contrast of the slides over an intensity range of 212 by dupli
- "\ 

eating them at one of 12 f-stops (including O luminance). · · 
' 

The 80 target slides were back-projected by a Gerbrands G 1170 two-field projection tachistos¢ope onto a 
I 

14-inch-square frosted glass window. The tachistoscope was programmed to present each ~lidc in nu-

merical order for 50 ms, followed by a five-second pause during which the next slide was cycle~ into posi

tion. Slides were attenuated by projecting them through a pair of plane polarizers: one fix\ed and the 

other variable. The luminance of the projected image could be adjusted by rotating one of the ~larizers. 

Two females participated in the calibration.* A complete data set was obtained from one, and ~ta trends 

were confirmed by the other. · 

The calibration procedures were as follows. The subject was seated approximately 1 m from ;the projec-
1 

tion screen, which was positioned at eye level in the wall between the room which housed th¢ apparatus 

and the experiment room. The subject was permitted to view the screen and the other cont;ents of the 

room freely for several minutes to ensure that she adapted to the ambient illumination level. to mask the 

sounds of the tachistoscope, the subject listened to white noise through earphones. The re~nse was 

registered by a foot switch that the subject pressed to indicate detection of the target. · 

In a typical calibration session, the variable polarizer was set at a predetermined value, and ea¢h of the 80 

slides was presented five times. Tho sessions were conducted at each polarizer setting, provi~ing 10 data 

points per slide per polarizer setting. An alternative procedure was used when the variable polarizer was 

set near one of the extremes of the experimental range. (By uextreme" we mean that the ~ubject saw 
I 

nearly all slides or very few of them.) To reduce the tedium, only those slides near the detect1on thresh-

old were presented. 

Figure 3 shows a sample of the psychometric curves generated from these data. Six of the~ slides are 

shown by plotting the probability of detecting a given slide as a function of the variable polari?er setting. 

The following example illustrates the procedure that was used for all target slides to selectJ those that 

met the criteria shown in Figure 2. Using the data shown in Figure 3: 1 

(1) Fix the variable polarizer at 50 degrees. 

(2) Observe that slide sl is detected with 0.5 prooability (i.e., one of the requirements shown ~ Figure 2). 

' Suppose that we wish to include slide s6 in the 0.5 detection group. It was detected, however, !50 percent 
I 

of the time when the polarizer was set at 87.5 degrees-a change of 37.5 degrees from 50 to 87[.5 degrees. 

To account for this difference: 

(3) Compute the cosine of the angle difference.and square it [i.e., cos2(37.5) = 0.629]. 

(4) Decrease the exposure of slide s6 until the luminance is reduced by 0.629. 

Now slide s6 will also be detected only 50 percent of the time when the polarizer is set at ~ degrees. 

In actual practice, we could only change exposure by an integral number of f-stops, so changc~1of intensi

ty were always by factors of 2. Working backward, however, the position of all the target sli~es on the 

curve shown in Figure 2 could be determined. Furthermore, all the slides were grouped into ~ands near 
l 

the arrows shown in Figure 2. 

• They did not participate in the remote viewing par1ion or the experiment. 
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Figure 3 Degrees of Polarizer Rotation (Scaled for Equal Luminance Intervals) 

Normally, data would be collected from a larger sample of individuals in order to arrive at an average 

function, but in this experiment, data from two persons were sufficient for several reasons. First, pilot 

studies indicated that interpersonal variability of target slide detection was quite low. Second, to collapse 

interpersonal variability even further, we generated a steep psychometric curve by sampling the 

abscissae coarsely. For example, ifwe sampled target slide contrast at only two values-0 and 100 percent 

contrast-all observers would respond identically, thus eliminating interpersonal variation. In this study, 

we sampled target contrasts at intervals that were found in pilot studies to produce low interpersonal 

variability. Finally, for the purposes of this study, interpersonal variability was not significant because it 

only shifts the psychometric function along the abscissa by some unknown amount without changing the 

shape of the function. Thus, interpersonal.variability could only result in an erroneous estimate of the 

absolute magnitude of the feedback, but the relative magnitude of the feedback is independent of these 

errors. 

2.2 Experiment Protocol 
Forty targets (selected from the original 80) were prepared info eight intensity groups offive targets each 

using the calibration data described above. Each intensity group represented the cognitive awareness 

that each viewer would experience (on the average) from the feedback. The top two intensities were 

sufficient to experience nearly complete cognitive awareness of the feedback. By definition, those below 

subliminal threshold could not be cognitively sensed. 

To attempt to maintain some control over precognitively available "answers," we arranged that at no 

future time would a response be cognitively compared to its intended target. Three pieces of information 

are needed to provide complete knowledge of a session: (1) the target, (2) the response, and (3) the com

parison between them. The target system was prepared by individuals who had no access to the re

sponses. Furthermore, the RV monitor, the assistant, and the viewers had no access to the targets. 

Finally, the analysts were never informed which were the correct results on a trial-by-trial basis. 

The slide tray in the tachistoscope was controlled by a computer (Sun Microsystem 3-160) in such a way 
that everyone was blind to target selection during a trial. To avoid cuing, for example, the tray always 

began and ended in the zero position. When the computer moved the tray, an independent electrical 

unit, which could be accessed by the computer, counted the tray steps to assure that the intended target 

was displayed at the correct time. 

Remote Viewing: From What llme Frame Does the Information Originate? 
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Three experienced viewers (Viewers 009, 105, and !TI) and one novice (Viewer 137) each contnbuted 40 

trials (five at each of the eight intensity levels). Each viewer averaged about 5 trials per week.! 

A random order of intensities of feedback was detennined (by computer) once (and differently) rdr each 
I 

viewer prior to the start of the viewer's first trial. Once the order had been set, the trials cycled throygh the 

list of intensities until the 40 trials were complete. The sequence of events for each trial was as fo~lows: 

(1) A monitor and a viewer entered a laboratory that contained a table, two chairs, a computer tertTiinal, 
and a covered 14-inch-square frosted glass window. The window served as a projection scr~en for 
the tachistoscope in the adjacent laboratory. ' 

(2) When the viewer was ready for the session, the monitor initiated an automatic target selectid
1
n pro-

gram on the terminal. i 
(3) Using a standard feedback shift-register algorithm, which was seeded from the system clotjk, the 

computer randomly selected (with replacement) a target from within the set of five for thej given 
intensity, stepped the slide tray to that target, and notified the monitor that the trial could ~egin. 
Because of the closed tachistoscope shutters, no illumination of the slide was present on the ftosted 

! 

screen. 

(4) The monitor indicated that the trial should begin. For the next 10-15 minutes, the viewer drei and/ 
or wrote responses to the ult~nded target. ! 

(5) At the conclusion of the session, the monitor collected the response, and the viewer open¢d the 
screen cover in such a way to shield the monitor from the feedback material. ; 

(6) When the viewer was ready, he or she pressed a but ton that initiated a single tachistoscope disJlay of 
the target. One, and only one., 50--ms display appeared on the translucent window screen. (Ele~tron
ics prevented the viewer from receiving more feedback after the first button press.) The mqinitor 
was instructed not to discuss the experience with the viewer in any way at any time. \ 

(7) The monitor ended the session, and notified the control program.from the computer terminal. [After 
the computer had returned the slide tray to zero, then, and only then, did the monitor and Viewer 
leave the room. All target data were preserved in a computer file. · 

2.3 Data Analysis 

The rank-order analysis used in this experiment has been described elsewhere, so only an overvjew is 

presented here. I I Using cluster analysis, all 200 targets had previously been assigned to orthogona~ cl us
ters of similar targets (i.e., every cluster of similar targets differed from every other cluster). An ass~tant 
prepared packages (one for each viewer) consisting of all the responses randomly ordered. Netj, the 

assistant computer-generated a list (ordered by target number) of seven targets for each respons~ con

sisting of the actual target and six decoys (a different set of seven for each response). The decoys \were 
chosen from clusters different from each other and different from the target cluster. The decoy clusters 

I 

were chosen randomly from a set of 18, weighted by the·number of targets in each cluster. Once a cluster 

was selected, the decoy was randomly selected from within the cluster. ! 

The response material and the target/decoys set of seven photographs (i.e., one target, six decoys) were 

presented to two analysts for judging. The analysts arrived at a consensus to rank order each set of sieven 
targets for each response in accordance with the best to the worst response/target match. For each view
er, a sum-of-ranks statistic was computed for the sessions. In addition, the data were plotted as RV qua!-, ; 

ity (i.e, one minus the assigned rank) versus feedback intensity. [ 

Remote Viewing: From What Time Frame Does the Information Originate? 

Approved For Relehi~ 2003/04/18 : CIA-RDP96-00789R003 00030001-4 



Approved For Release 2003/04/18: CIA-RDP96-00789R003100030001-4 

Ill RESULTS AND DISCUSSION 

Table 1 shows the sum of ranks, associated p-value, and effect size for each viewer in this experiment. 

Thble 1 

Results of the Thchistoscope Feedback Experiment 

Results 
Viewer 

Sum of Ranks p-value Effect Size (r) 

009 131 0.012 0.357 

105 182 0.962 -0.281 

137 159 0.4S4 0.006 

177 104 3.5 X 10-6 0.711 

Viewers 009 and 177 produced independently significant results (I-tailed). We can combine the data for 

all viewers in many ways, but the most conservative is a binomial calculation assuming an event probabil

ity of 0.05. Two successes in four trials corresponds to an exact p-value of0.014. A more realistic estimate 

is provided by a minimum p-value techniquel 2 which yields 1.4 x 10-4. The important point, however, is 

that this experiment produced strong evidence for an information-transfer anomaly." 

Figures 4 through 7 show RV quality plotted against intensity of the feedback for the four viewers. The 

lowest possible quality was zero and the maximum was seven. Shown also is a regression line and its 

associated linear correlation coefficient for each viewer. These figures should be compared to Figure 1, 

the hypothetical expectations. 

The relationship that is easiest to understand is hypothesis 1 in Figure 1 (i.e., increased RV perfonnance 

with increased feedback intensity). W~ did not observe any such correlation with either of the significant 

viewers. In fact, the linear correlation coefficients were not significantly different from zero. 

This lack of positive correlation, in conjunction with significant evidence of RV, complicates the interpre

tation considerably. The most obvious conclusion is that the viewers obtained their data in real time and 

not from the feedback. However, because of the conceptual difficulties outlined in the introduction of this 

paper, alternative explanations must be considered. 

• ru an aside, we note that all viewers complained about the lack of "experiential" feedback. 
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Figure 5 RV Quality as a Function of Feedback Intensity: Viewer 177 
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Figure 7 RV Quality' as a Function of Feedback Intensity: Viewer 105 

One alternative is that the absolute position of the psychometric curve is important. Feedback might be 

related to the cognitive experience but only at large values of luminance contrast. IT this is true, then we 

might not expect functional dependence of remote viewing quality on the feedback in this particular 

experiment. 

The most important alternative, however, is that precognition may be exclusively goal oriented, and 

thus, we are faced with the unfalsifiablity issue. We might not ever be able to interpret process-oriented 

experiments if this aspect of precognition is true. Therefore, the question of from what time frame does 

RV data originate remains unanswered at the p'rescnt. 
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V MAGNETOENCEPHALOGRAPHY 
The papers in this section primarily support the anomalous cognition neuromagnetic experiments. 

The number that appears in the upper right-hand corner of the first page for each publication is keyed 

to the following descriptions: 

22. Biotechnologies, Inc., "Identification of Sources of Brain Activity Using Magnetic Source 
Localization and Magnetic Resonance Imaging," Research Review. Biotechnologies, Inc., 
publishes a number of very brief research reviews. This one discusses the potential for localizing 
the response to a 1000 Hz audio stimulus. 

23. Sato, S., Balish, M., and Muratore, R., "Principles of Magnetoencephalography," Journal of 
Clinical Neurophysiology, Vol. 8, No. 2, pp. Dl-Dl3, (1991). This paper is a technical tutorial for 
magnetoencephalography. Although it is clinically oriented, the discussion is broad enough to 
cover matters of interest to the research community (e.g., evoked responses). 

24. Lehmann, D., Ozaki, H., and Pal, I., "EEG Alpha Map Series: Brain Micro-states by 
Space-oriented Adaptive Segmentation," Electroencephalography and Clinical Neurophysiology, 
Vol. 67, pp. 271-288, (1987). This technical research paper is included because it is a primary 
reference for paper number 19. Among other technical issues, it describes the phase shift of alpha 
activity as a result of external stimuli. 
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RESEARCH REVIEVV 

Identification Of Sources Of Brain Activity 
Using Magnetic Source Localization And 

Magnetic Resonance Imaging 

Pantev, C., Hoke, M., Lehnertz, K., Lutkenhoner, B., Fahrendorf, G .. Stober, U. 

Identification of sources of brain neuronal activity with high spatiotem
poral resolution through combination of neuromagnetic source localization 
(NMSL) and magnetic resonance imaging (MRI). Electroencepbalography 
and clinical Neurophysiology, 1990; 75: 173-184. 

In this study, the locations of the origin of 
the MlOO wave of the auditory evoked 
magnetic field in response to tone bursts of 
different frequencies, obtained through 
dipole localization methods, were related to 
cerebral structures by comparison with 
coronal MRI tomograms of each subject. 

Four normal subjects were presented with 
contralateral tone burst stimuli of 250, 500, 
1000, 2000, and 4000 Hz, and average 
evoked magnetic fields were recorded over 
a matrix of positions covering one 
hemisphere. The waveform data for one 
subject at 60 recording positions are shown 
in Figure 1, :as is an equi-contour map of the 
magnetic field values at the instant of time 
where the MlOO peak reaches its maximum 
value for the 1000 Hz stimulus. 

The dipole localizations for the MlOO peak 
for stimulation with tone frequencies from 
250 Hz to 4000 Hz confirmed previous 
results showing a linear increase in the 
depth of the dipole source with the 
logarithm of tone frequency. Moreover, all 
source localizations corresponded to the 
primary auditory cortex located on the 
surface of Heschl's gyrus. A comparison of 
the dipole localizations for one subject with 
the subject's MRI tomogram is shown in 
Figure 2. 

The results highlight the exceptional 
capabilities of a combination of these two 
non-invasive, high-resolution techniques for 
functional diagnosis. 
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Fig. 2. Comparison of the results of functional locali2.1tion obtained for one subject ( Fig. 2) with aiatomical structures obtained from 
the same subject through magnetic re~onance imaging. ECO locations are marked by black d6ts at the tips of white arrow; 
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SUBJ.: HW RECORDING SIDE: RC 60 MEASUREMENT POSITIONS 96 SVEEPS 
DATA TYPE: HEAN AMPLITUDE 
SCALING: -600,00 - 600.00 fT TIME : -200 - 600 m, 

Fig. 1. Top: synopsis of averaged response wave forms measured from 60 positions over the right cerebral hemisphere (stim~lus 
frequency 1000 Hz). Bottom: distribution of the auditory evoked field at that instant of time when wave MlOO assumes its ma,-im~m. 
projected onto the rough outline of the supralateral surface of the brain. Circles: measurement positions; arrow: calculated posi:ion 

and direction of the ECD (taken from Hoke 1988). 
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Principles of Magnetoencephalography 

Susumli S~to, Marshall Balish, and Robert Muratore 

Neurophysiology Unit. Medical Neurology B,:anch, National Inslitute of Neurological Disorders and Stroke. National Institutes 
of Health, Bethesda, Maryland, US.A. 

Summary: Magnetoencephalography (MEG) is a new, noninvasive fun_ctional 
test equivalent to EEG. It has been used to localize the sources of evoked re
sponses and interictal and ictal epileptifonn discharges and to study patients 
with psychiatric illnesses. cerebrovascular accidents. and migraine. In epilepsy 
research. it is hoped that MEG will provide information similar to that yielded 
by depth or subdural electrode recording, or that the combination of these meth
ods will provide more information than ,either one alone. The application of 
MEG appears to be widening, although it is not yet a routine clinical diagnostic 
tool. The utility of MEG is limited by technological problems. but new and more 
efficient systems are becoming available. Within several years. advances in the 
technology and understanding of MEG may modify the courseofits application. 
Key Words: Magnetoencephalography-Instrumentation-EEG-Evoked re
sponses-Epilepsy. 
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Magnetoencephalography (MEG) is a new, non
invasive functional test equivalent to EEG. MEG 
has been ti'sed to localize the sources of evoked re
sponses and interictal and ictal epileptiform dis-· 
charges and to study patients with psychiatric ill
nesses. cerebrovascular accidents, and migraine. In 
epilepsy research.iris hoped that MEG will provide 

·-informaiion··similar to. tnaT yielded by depth or sub
dural electrode recording. or that the combination of 
these methods will provide more information than 
either one alone (Wood et al., 1985). 

between a magnetic field and its assoc'iated current 
was empirically defined by Jean Patiste Biot and 
Felix Savart. Biot-Savart's law states that the mag
netic field due to a small current element varies as the 
inverse square of the distance of the current element, 
varies directly with the current, and varies with the 
sine of the angle between the d_irections ofthe_current. 
and ofth;)foading to it. In modern notation. _ vec.M 

PHYSICS OF MEG 

Generation of Biomagnetic Fields 

The decrease in force with increasing distance of 
both the magnetic and electric forces suggests that 
electricity and magnetism are related. The relation 

Address correspondence and reprint requests 10 Dr. S. Sato at 
Building 10. Room 5CIOI. National lnstitutcofNeurologica[ Dis· 
orders and Stroke. National Institutes of Health. Bethesda. MD 
20892. U.S.A. 

DI 

- dB = µ0 idL X ; 

4n , 2 

where dB is the differential magnetic field in tesla, 
JJo is the magnetic permeability of free space and is 
assigned the value of 4n X 10- 7 Tm/Ai is the current 
in amperes, di the length of the current element in 
meters,Pis th;unit vector pointing from the location 
in space at .which the magnetic field is evaluated to 
th.e 'location of the current element. and r is the dis
tance between those two locations in meters. The 
cross-product can be interpreted by the right hand 
rule: dB is mutually perpendicular to both di and P. 
This relation is understood by placing the right hand 
in space at the location at which the magnetic field is 
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to be evaluated. Point the hand parallel to the cur
rent element id!. Excepting the thumb, point the fin
gers parallel tof': Extend the thumb. and it will point 
along the direction of dB. A bit of finger play shows 
that a magnetic field encircles a straight wire carry
ing current and forms a dipolar (donut-shaped) re
gion around a loop 'of current. The superposition 
principle, which states that the field produced by a 
sum of sources is equal tblhe sum of the fields of the 
individual sources, allows the total magnetic field B 
to be calculated by summing up the contributions 
from the individual current elements. In this way, 
the magnetic field for a particular source model can 
be determined. Williamson and Kaufman (1990) 
have reviewed this subject in detail. 

Instrumentation 

The measurabilityofthe neuromagnetic field pro
duced by the flow of electric current in cerebral neu
rons is made more likely by the columnar arrange
ment of the cortical neurons, which leads to the 
summation and re-enforcement of the field of each 
of the firing neurons. Nonetheless. a typical neuro
magnetic field is on the order of 10- 12 T, several 
orders of magnitude less than the magnetic field of 
the earth. The measurability of the magnetic field is 
made successful by shielding the subject and the 
measuring instrument from extrinsic noise, and by 
the exquisite sensitivity of the measuring instru
ments .. ·. 

J1rasun·ng Devices 

If an electric current can give rise to a magnetic 
field, it is natural to ask if a magnetic field can give 
rise to an electric current. A magnetic field can give 
rise to an electric current as long as the magnetic field 
is changing. This effect is called induction and is the 
basis for the detection of magnetic fields. If a coil of 
wire is placed in a changing magnetic field, an elec
tric current is generated in the coil. Th is current then 
becomes the signal of the field. Reorienting the coil 
and changing the number and distrib.ution of wire 
turns in the coil change the signal. · 

One device ha~ become standard in neu romagnetic 
measurements. thesuperconductingquantum inter
ference device (SQUID), which allows very sensitive 
measurements.s_(the magnetic field. A SQUID is 
made of a ~A~ng with a weak link, an extremely h. l>.L>"o~I. ,, . • 
t m gapi'\wn1ch t. unnelmg oc.c.u.,..s-. 

There are two types of SQUID: rf-SQUID,·· 

J Cli11 Neuruphy.<i11f .. Vol .~. No }. 11/9/ 

which has a weak link and is biased with radiofre
qt¥ncy current, a~d DC-SQUID, which has two 
weak links and is biased by DC current. The latter is 

/es.s: 11 .. i.s'.1 l, than the former and therefore 
has been used tn niost of the recent magnetometers. 
The SQUID itself ~an be used as a magnetometer, 
but its combinatio~ with detection coils of various 
configurations allo;ws a flexible design ofme;isuring 
devices. : 

I . 
Erne (1983) has reviewed SQUIDs as 

, • I 

used m b10magnet\sm. 
Detection coil coJnfigurations can be classified by 

the aspect of the rii,agnetic field to which they a re 
most responsive. ltj this system, a magnetometer is a 
zeroth-order gradidmeter. A first-order gradiometer 

-is sensitive to the fiirst spatial derivative of the field, 
and so on. Coils a~igned axially are sensitive to the 
derivatives along their axis, and coils aligned in a 
plane are sensitive\to the derivatives in that plane. 
The most common design is a second-order axial 
gradiometerwith iti axis approximately perpendicu
lar to the head. H~wever, this configuration intro
duces the possibilih' of signal loss or reduction of 
sensitivity by virtu¢ of layers of coils (the distance 
between adjacent 4oils is a baseline). The recent 
trend is to utilize t~e first-order gradiometer config
uration. In fact. the (1rst-order gradiometer is already 
used in the recent liirger neuromagnetometers (Bio
magnetic Tech noldgies, 1989; Gudden et al. 1989). 

In a typical arra~gement, detection coils are in
ductively coupled tp a SQUID. Associated circuitry 
provides an electri1al potential that is proportional 
to the magnetic field near the detection coils. The 
detection coils and!SQUID are cooled to supercon
ducting temperatu~es by a liquid helium b.at.h..in a 
dewar. Although its primary purpose is the opera
tion of the SQUIG, the cold bath provid~J?me 
benefits and incon~eniences. The chief ~atantage of 
the cold bath is the.'~ real reduction in ~ise. Among 
the inconvenience$ are the need to maintain the 
liquid helium and t~e necessity for dewar insulation, 
which inhibits the tjlechanical positioning of the de
vice ~Qi.Q '.l 4$0 ~ilt. These problems hamper ef
forts to incorporate large numbers of sensors into the 

I 

dewar. A cryocool¢r system with multiple stages of 
gaseous cooling wJs developed to try to overcome 
this inconveniencej The prototype was.used at New 
York University,. ~i.f,\... s,,,.,..e $, ... ,u-.o; how~ve.,- +u... 

f\~ ...... ~~ ot S~" I~ G<>ib i{ );,..,..,~t..).. a.,,,.,.J -}1.,_,..c.. c..re_ 
.,,, j..>-(... So .....,-u.. ,',,. j,-.,JJ,.u:J, 
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Increasing the numberof sensors in the dewar pro
vides the ability to take simultaneous recordings 
across large areas of the heal as in EEG. Early 
MEG systems used a single channel. As the arrays 
grew, a hexagonal arrangement became popular, 
and the next largest size was the 7-channel machine. 
Currently, z »\or"e. rin(orcoilsY'!4w..been successfully 
added, producing 37-cnannel machines that cover 
an area of 14.4 or 20 cm in diameter for the Birunag
netic Technologies system and Siemens' system, re
spectively. Machines with as many as 100 channels 
for full head coverage are being designed. 

The use ofhigh-temperatu re superconducting ma
terial is well in line with technology advancement in 
biomagnetism but preliminary experiments suggest 
that a SQUID made with such materials is too noisy 
to be of practical use (Clarke and Koch, 1988). 

Shielding 

Magnetic shielding is typically provided by build
ing a smaller room inside a larger one. The smaller 
room houses the dewar with the SQUID. associated 

circuitry, a gantry for movement of the demr, and a 
chair or bed for a human subject. The inner room is 
called the shielded room, and its walls are usually 
made of several layers of a conductor such as alum
inum or copper, which provides eddy current shield
ing of higher frequency noise, and several layers of 
mu-metal or other highly magnetically permeable 
material, which provide shielding of lower frequen
cy noise. Erne and Romani ( 1990) have reviewed 
magnetically shielded rooms. 

In some measuring environments, gradiometer 
coil designs provide spatial filtering of magnetic 
fields, which might ooviate the need for extensive 
and expensive shielding. In the hospital environ
ment, however, i.,j~~ ""°'1-1 y medical machines 
c:;lrx{. ~ ......... e..-0"'5 ·c.4-J..-t.v s·ourcesofinterference,a 

magnetically shielded room \s mandatory. 

COMPARISON OF MEG AND EEG 

There are some important differences between 
EEG and MEG. The electrical potentials measured 
by EEG are field potentials. or so-called volume cur-

1,:1. ............................... ) 

E 

D 

~ -.,--· .,,,.. •• •• . > 

• . .. 
• • + 

. .. ················· ··············· 

EEG 

S(ALP 

DURA 

BRAIN 

FIG. 1. EEG i.s recorded he tween two electrodes(a and b) placed over the scalp. whereas MEG records the magnetic fields emanating from 
a tangential source (A). The magn.etic field (C) is not distoned by the scalp.skull.and dura. but the EEG signal is dispersed. attenuated. and 
distorted hy them (E). A radial dipole (B) generates magnetic fields (D) parallel to the detection coil (M). and they may not he detected. 

J C/in N~11mphysio/ .. Vol II. No. 2. /99/ 
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rents; they are easily attenuated. diverted, and dis
torted by the dura,skull. and scalp. "'.'hereas the mag
netic fields are not affected by these structures (Fig. 
l). However. it is well known that the magnitude of 
the magnetic fields decays at a rate of II? to 11? 
(where r = distance from the source). Therefore, 
there is some concern about the ability of MEG to 
detect deeper sources (Cuffin and Cohen, 1977a). 
Electrodes and conductive gel are used in EEG, but 
not in MEG. The quantity measured by EEG is a 
relative value. namely, a potential difference be
tween two electrode positions, whereas MEG mea
sures an absolute value when the distance of a source 
is within the baseline of the detection coil (Wikswo 
and Roth. 1988) and a relative value when a source is 
deeper than the baseline distance. The EEG contour 
maps are often monopolar and occasionally di polar. 
The MEG maps are usually dipolar or multipolar 
and rarely monopolar. The MEG pattern is rotated 
by90° from the EEG pattern,and the MEG maps are 
about one-third tighter that the EEG maps (Cohen 
and Cuffin. 1983). EEG is known to measure the 
field potentials of current sources oriented in all 
directions. \\ith radially oriented current sources 
measured somewhat preferentially. MEG measures 

chid~the radial componenr of the magnetic fields, 
/>ct.o.u$e of fl-.... ro'-'-jh 5pJ..,.,.;c:,+;1·0 ('.. +k ,h44.J t1»d t,h_. 

conl!guration oltne magnetometer. This pecuuamy 
of MEG has been interpreted to mean that MEG 
measures tangential current sources located in 
sulci; b·ecause about Mo-thirds of the cortex is in·· 
sulci, it is thought that loss of information due to 
MEG's inability to measure current sources in the 
gyri is minimal (Hari and Kaukoranta, 1985). · 

Calculation of three-dimensional coordinates 
from EEG data requires six parameters: three for 

- -·location; one for magnitude; one for orientation, and 
one for conductivity. whereas MEG does not require 
a parameter for conductivity (Stok, 1986). 

Because of the tissue-induced attenuation and dif
fusion of the EEG. the dipole depth calculated by 
EEG mapping may turn out to be deeper than the 
actual depth. The direction of current flow estimated 
by evoked magnetic fields is opposite the direction 
estimated by evoked potentials, suggesting that the 
magnetic fields are generated by high-density intra
cellular current, whereas the electrical potentials are 
produced by volume current (Kaufman and Wil
liamson, 1982) .. 

These comparisons suggest that MEG may have a 
somewhat beuer spatial resolution than EEG (Co
hen and Cuffin. 1983). 

J. Clitt. Nf'uruphyuol. Vt,I . ."1. Su.>. /Y'J/ 
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MObELING IN MEG 

A knowledge of~he so-called forward and inverse 
problems is essenti!al for understanding biomagnet
ism and its analysi$, but there is no unique solution 
to the inverse probl:em. For MEG analysis, informa
tion concerning th!e geometry of the head and the 
current source orsoJurces must be obtained. A simple 
spherical model 1th a single current ~\p9lc has 
been used most co,nmonly, although ott1'&f models 
may be more apprqpriatc in some situatioil·s. These 
subjects have been !reviewed by Nunez (198 ~.). llmo
niemi ct al. (1985), l-~ari and Ilmoniemi (1986), Stok et 
al., (1986, 1987), Sa,j-vas (1987). and Williamson and 
Kaufman (1987). 1 

~ead Geometry 

The simplest mo6e1 of the head is the homoge
neous half-space r11odel with a single dipole (Wil
liamson and Kauf~an, 1987).in which the magnetic 
field at any point is ~asily predicted by Biot-Savart's 
law, allowing estim~tion of the location and direc
tion of such a dipole from the magnetic field map 
and the interextrem~ distance. In practice, the head 

. is most commonly 1odeled as a uniform conducting 
sphere. in which raqial current dipoles are assumed 
to have no measurable external magnetic field (Co
hen and Hosaka, 1976; Cuffin and Cohen, 1977b). In 
this model, it is als~ assumed that volume currents 

,-., make no contribution to the field and that simple 
relations exist betw~en field maxima and the dipole 
Jocation and depth.\ This is probably the most fre
quently used mode:] in MEG: however, there are 
important problemd with this model. Such a simple 
model does not reRresent the temporal lobe well;· 
causing an angulati~n problem between the sensors 
and the inner surfac!e of the skull, and the results are 
susceptible to the eff:ects of volume currents (Barth et 
al., 1986; Rose et al.J 1987b, 1989a). 

More pre_cise mo\dels bas:d on the actu_al s~ull 
shape obtained by1 magnetic resonance imaging 
(MRI) have been su~ested (Meijs et al., 1987; Meijs 
and Peters, 1987) a9d give more accurate localiza
tion in in vitro modFIS, although at some computa
tional expense. Sue~ a model was recently applied to 
localization of scalp-recorded spike discharges in 
the temporal region ~ind appeared to give reasonable 
accuracy of discharjge localization compared with 
that obtained by su~dural electrodes (Ducla-Soares 
et a I.. 1989). 
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Source Models ... 
M_odeling spike foci as a current dipole source is 

simplistic; the foci are probably more distributed. 
Nunez (1986) d_iscussed possible effects of multiple 
dipole sources. and Barth et al. (1989) attempted to 
solve the sources of interictal activity with multiple 
current dipoles, each with its own temporal proper
ties. A more complicated distributed current source 
is probably more representative of t.J}e epileptogenic 
focus, and work is underway on the interpretation of 
MEG sources with respect to such a model (Clarke et 
al., 1989; Ioannides et al., 1989; Kado et al., 1989), 
although this has not yet been applied to the tJeld of 
epilepsy. 

SPONTANEOUS ACTIVITI' 

Alpha Rhythm 

In 1968, alpha rhythm was magnetically measured 
with an induction coil for the first time (Cohen, 1968). 
There is a good correlation between MEG and EEG 
alpha rhythm (Hughes et al., 1976: Cohen, 1979: 
Cohen and Cuffin, 1979: Modena et al.. 1982). The 
amplitude of alpha rhythm is largest over the parieto
occipital regions (Reite et al., 1976), and the largest 
magnetic flux of alpha rhythm occurs over the longi
tudinal rnidline (Cohen. 1979). The maximum am
plitude of the magnetic alph·a rhythm is 2.5 pT peak 
to peak (Carelli et al., 1983). Many investigators have 
attempted to localize the sources of alpha activity, 
and.some have suggested that the alpha activity has 
multiple sources in or near the visual cortex (Vveden
s\..ry et al., 1986; Carelli et al., 1989). Recent work sug
gests that magnetic alpha rhythm arises from many 
discrete sources. oscillating one after another and 
occasionally overlapping temporally. These sources 
~iire'clus'tered near the midline: extending to a depth 
of several centimeters (Williamson et al.. 1989). 

Sleep Spindles 

Sleep spindles were initially difficult to record 
with MEG (Hughes et al., 1976: Fr~edman, 1981). 
With a laboratory-built single-channel magnetome
ter, however, sleep spindles (12.5-16Hz) were recent
ly detected at the central vertex, predominantly as a 
radial magnetic component, in three normal volun
teers (Nakasato et al., 1990). 

Epileptiform Activity 

The use of MEG in epilepsy research has been re
viewed by Rose et al. ( 1987c). A worldwide surge of 

interest in MEG occurred when investigators from 
the United States and Italy published their results on 
localization of epileptiform discharges in 1982 and 
1984 (Barth et al., I 982, I 984a; Modena et al., 1982; 
Ricci et al., 1984). MEG is used to study interictal and 
ictal discharges and also background activity, be
cause all of them are important for localization of the 
seizure origin. 

Inrerictal Activity 

Hughes et al. (1977), followed later by Modena et 
al. (1982), first reported that the spike component of 
epileptiform discharges was well defined magneti
cally, but the slow-wave component was not. Simul
taneous MEG and EEG recordings showed that 
EEG slow waves and MEG multiple spikes often oc
curred together or that EEG changes occurred with
out accompanying MEG signals or vice versa(~ 
et al., 1983; Sutherling et al., 1988a). 

Spike averaging. At each sensor position, as many 
as 10-20 similar EEG spikes are sampled, and their 
magnetic signals are averaged using an EEG chan
nel as a trigger. Then a map of the magnetic field is 
constructed and used for calculation of equivalent 
current dipole sources for spike discharges. The pur
pose of spike averaging is to improve the sign a I-to
noise ratio, and the eventual localization is usually 
expressed as a point or central point (centroid) (Suth
erling et al., 1988a). Even though the epileptogenic 
focus is· physiologically not a point, dipole source 
modeling is an important step toward further under
standing of a complex problem such as epileptic sei
zures (Barth et al., 1982, 1984a.b: Sutherling et al., 
1988a). Unfortunately, spike-averaging methods 
may result in loss of spatial and temporal informa
tion and of details concerning individual ~pik.~_type~:. 
The temp·l~t~ meth~ (Salu.stri and Chapman. I 989) 
can be used to find similar spikes for averaging. 
With a larger MEG system, such as a 37-channel 
machine, this process becomes easier or unnecessary 
because the magnetometer does not have to be 
moved around to scan the patient's head. 

Single-spike analysis. Individual spikes can be 
mapped and their location estimated without aver
aging (Sato et al., 1985; Rose et al., 1987a). With this 
method; important information riding on "waves" 
will not be "averaged out." Although individual 
EEG spikes appear somewhat dissimilar in mor
phology, amplitude, and distribution, it nonetheless 
seemed possible to group spikes according to their 
similarities, thereby yielding several different types 
of spikes (Rose et al.. 1987a). With a single-channel 
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or seven-channel system, the entire head cannot be 
measured simultaneously, causing difficulties in 
combining events di,spersed in time. Therefore, the 
selection of signals with a good signal-to-noise ratio 
becomes essential but is tedious. The method of 
identifying spike types is typically visual, although 
other methods are available (Salustri and Chap
man, 1989). Nevertheless, less information may be 
lost with single-spike analysis than with averaging 
techniques. With a 37-channel magnetometer, con
secutive spikes can be analyzed with good results on 
localization (Sato ct al., 1990), 

Relative covariance method. MEG and EEG are 
recorded simultaneously, the EEG activity of interest 
(frequency band) is identified by Fourier transform 
techniques.and then MEG and EEG are digitally fil
tered to a narrow band surrounding the frequencies 
of interest. The covariance of the filtered MEG and 
EEG signals at each sensor site is calculated and 
divided by the variance of the filtered EEG, giving 
the "relative covariance." This calculation is per
formed at all MEG locations, and the EEG channel 
or channels used are consistent for all MEG loca
tions, although different EEG channels may be com
pared (Ricci et al.. 1984, 1985, 1987; Romani and 
Leoni, 1985: Chapman. 1989). It is claimed that the 
relative covariance is proportional to the value of the 
magnetic field perpendicular to the head at a given 
location (Ricci et al.. 1985). A contour map of the 
relative.covariance is constructed, and an equivalent 
dipole c'urrent source may be localized. The locali
zation step is typically based on a spherical model 
assuming that only radial magnetic components are 
measured (Ricci ct al.. 1985). 

The relative covariance method is important, be
cause it allows analysis of background activity and 
localization in the absence-of a spike focus if there is 
detectable abnormal rhythmic activity. In principle, 
a similar analysis could be applied to stereotyped 
seizures with rhythmic activity. 

lctal Activity 

The capturing of an ictal event with MEG is diffi
cult, particularly with the single-channel and seven
channel systems. Nevertheless, ictal recording is not 
entirely precluded, because the patient usually does 
not move for 5-10 s during the initial phase of the sei
zure (Sutherling et al., 1987) or during simple partial 
seizures (Rose et al.. 1989b). Simple recordings of 
ictal events such as 3/s spike-and-wave discharges 
were done early in the development ofM EG (Modena 
ct al., 1982), but detailed studies to determine spatial 
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localization of sdurces are difficult inasmuch as 
events would hav~ to be recorded at many locations 
(in the absence on large multichannel magnetome
ters) and the infdrmation from different seizures 
combined. In p~tients \vith jacksonian seizures, 
MEG was thoughtjto provide localizing information 
despite the absence of abnormal EEG findings (Mo
dena et al., 1982: ~icci, 1983). 

! 

' 
Migraine 

Spreading corti¢al depression, which is a slowly 
changing potentiaj, has been implicated in migraine 
to explain the ev1lution of the clinical manifesta
tions associated wi,th the disorder. AJthough spread
ing cortical depr9ssion has never been observed 
spontaneously in hiumans, biphasic waves lasting for 
less than 10 s with amplitudes ranging from 800 ff to 
13 pT were recor~ed with MEG in patients with 
migraine (Tepley e:t al., 1989). This area of research 
requires further i~vestigation and confirmation of 
results. i 

I 
' 

EVO~ED RESPONSES 

While studies of!evoked magnetic responses have 
not yet provided u niique clinical information, they do 
provide informati<;>n on cerebral functional proc
essing and, when d,ombined with imaging informa
tion, establish in~eresting functional-anatomical 
correlations. The !information provided by MEG 
complements and 1n some cases resolves ambigui
ties remaining in 1comparable studies of evoked 
potentials. AJJ mo1alities may be studied by MEG, 
but stimuli must npt generate significant magnetic 
fields. i 

; 

Auditoty Evoked Responses 
I 

Shon-Lat\ency Evoked Responses 

The detection of[brainstem-evoked fields is tech
nically quite diflicuh. When signals somewhat above 
background noise Jere recorded in a shielded room, 
using a magnetome;ter (not a gradiometer) and aver
aging from 12,000 t196,000sweeps (Erne et al., 1988), 
waveforms corresi1nding to brainstem-evoked po
tential waves V and) VI could be recorded, and their 
amplitudes were dirt'erent at different recording lo-
cations. I 

! 
Middle- and Lotg-Latency Evoked Responses 

The auditory stil'l'lulus is generally led by plastic 
tube to the patient; to avoid interference from the 
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magnetic field generated by the usual transduc.ers or 
headphones. Table l shows recording parameters ., 
and details of stimuli from a samp1e-.of studies. Re-
sponses to approximately 100 stimuli are usually re
corded at each magnetometer position. _ The mag
netometer is moved (by some investigators randomly) 
over the region of interest in order to avoid system
atic bias resulting from a change in state, which has a 
significant effect on responses. Filter settings given 
in Table I reflect the final bandpass; the signals 
typically are recorded through analog filters with a 
wider bandpass and are subsequently filtered dig
itally. 

Reite et al. (1978) demonstrated the feasibility of 
recording magnetic fields to auditory stimuli. Hari et 
al. (1980) described the time course and spatial dis
tribution of auditory evoked responses. In particu
lar, major peaks at a latency of 100 ms (N JOO) and 200 
ms (P200) were described in addition to a subsequent 
slow sustained field. For the most part, when source 
localization has been attempted,simple models such 
as a single equivalent dipole in half space (Pantev et 
al.. 1988) or a single equivalent dipole in a spherical 
conductor (Papanicolaou et al., 1990) have been 
used. 
. Early work (Hari et al., 1980; Elberling et al., 1982) 

suggested that the generators of the NlOO were prob
ably located on or near the planum temporale. More 
recent studies with gross anatomical correlation 
(Pantev et al., 1988) or MRI correlation (Pantev et al.. 
1990; Papanicolaou et al., 1990) have largely con
firmed this localization. The generators of a peak at 
50 ms (Reite et al.. 1988) are also near the planum 
temporale. 

Reiteet al. (]981) showed that the amplitude of the 
NIOO peak is larger when the stimulus is from the 

·contralaleral side. Papanitolaou et al. (1990) found 
that the equivalent dipole for the NlOO was located 
more posteriorly and medially when stimuli were 
contralateral. Rogers et al. (1989, 1990) suggested 
that successive time points in the NIOO peak had 
generators that moved anteriorly, and this was clear 
when stimulation was contralateral, not ipsilateral. 
These and other studies, then, suggest the possibility 
that somewhat different cortical areas are activated 
by contralateral and ipsilateral stimulation. 

Elberling et al. (1982), on the basis of the NIOO 
response, suggested that equivalent dipoles over the 
left hemisphere are posterior to those over the right. 
Reite et al. ( 1988) made similar observations on the 
50-ms response, although MRI correlation allowed 
localization of the equivalent dipole near the plan
um temporale. 
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Early studies using a steady-state technique (Ro
mani et al., l 982a,b).suggested a tonotopic arrange
ment of the responses. and more recent work (Pantcv 
et al., 1988, 1990) is in basic agreement; the depth of 
the equivalent dipole generating the NIOO increases 
with the logarithm of the stimulus frequency. The 
mapping is not clear for the later waves at 160 ms. 

Various paradigms involving speech elements as 
stimuli, or so-called oddball paradigms, have been 
used in studies attempting to elucidate cerebral proc
esses underlying attention and speech perception 
(Sams et al., 1985; Makela et al., 1988: Hari, I 989a,b; 
Hari and Lounasmaa. 1989). Th is work is beyond the 
scope of the present review, but such studies. when 
combined with MRI findings. for example, should 
provide impressive functional-anatomical infor-
mation. 

Somatosensory Evoked Responses 

The basic stimulation paradigms for somatosen
sory evoked responses are not greatly different from 
those used in recording somatosensory evoked po
tentials (SSEPs). Recordings may be successfully 
performed even without a shielded room (Sutherling 
et al., 1988b ). The current pulse is brief enough not to 
interfere with subsequent recordings. An overview 
of methodology is given by Hari and Kaukoranta 
(1985); they also brieny discuss fields evoked by 
noxious. stimuli. Huttunen ( 1986) has described 
methodology for recordings of fields evoked by tac
tile stimulation. The recording bandpass and sam
pling rate determine to a large extent whether or not 
early peaks corresponding to the "cortical" com
ponents of SSEPs are emphasized. 

Several investigators have reliably recorded com-
·ponents corresponding to cortical SSEPs (Rossini et 
al., 1988; Sutherling et al., 1988b: Tiihonen et al., 
1989). Tiihonen et al. (1989) found that the equiva
lent dipole for the 27-ms peak (P27m) was located on 
the average I cm anteromedially to sources for the 20-
ms peak(N20m). Their findings were consistent with 
a tangential source (posterior bank of central sulcus) 
as thegeneratorofthe N20m. Sutherlinget al. (1988b) 
compared localization of somatosensory evoked re
sponses based on MEG. EEG. and electrocorticog
raphy (ECoG). The average distance of localiza
tion from the central fissure was 4 mm in EEG and 
MEG and 3 mm in ECoG. Averaging MEG and 
EEG distances yielded localizations comparable to 
those of ECoG. These results. although from only 
three patients. suggest that MEG and EEG may re
liably and noninvasivcly localize somatoscnsory 
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cortex. Suk et al. d989) attempted to correlate local
izations from sti111ulation of different fingers with 
MRI-based struct¥ral information. Their studies 
suggest that such ml' oninvasive mapping of the sen
sory homunculus ~s possible. 

! 

Visu~I Evoked Responses 

Teyler et al. (I 975D were among the first to report on 
studies of visual evoked magnetic responses and 
described a metho4 based on briefnashes. Because 
cathode-ray tubes \generate large magnetic fields, 
more sophisticatedlstimuli (i.e .. patterns or gratings) 
require the useofptojection equipment and mirrors. 
Kouizjer et al. ( 1981) and Ai ne et al. ( 1989) described 
their techniques fqr stimulation and recording of 
visual evoked respqnses. As in other modalities, in 
the absence of lar~e multiarray systems. obtaining 
field patterns requires repeating the averages at dif
ferent locations. ~ilter settings and sampling are 
otherwise similar to recording visual evoked poten
tials. The appropri~te treatment of field maps. even 
if apparently dipo! 1ar, is controversial. Stok et al. 
(1986) argued that rte inverse problem should prob
ably take into acco0nt a realistic head shape, rather 
than relying on spherical models. In spite of this 

I 

objection, George e, al.(] 989), using sinuspidal grat-
ing stimuli, localiz~d apparent equivalent dipoles 
that, when projecte~ on MRI scans, were near cal
carine cortex and ~ppeared to evolve temporally. 
Under some conditjons of stimulation and at some 
time points, two diff¢rent dipoles appear necessary to 
explain the evoked fields (Ai ne et al., 1989). 

I 
P~emotor Fields 

I 
Premotor fields ar~ studied by recording magnetic 

activity prece.ding se~f-paced or triggered movements 
(Mizutani etal., 198~~· Table2showsselected param
eters used by severali investigators. The electromyo
graphic (EMG) bursf is frequently used as the trigger 
to average the prece~ing magnetic activity. The pro· 
cedure must be repe*ed at each magnetometer posi
tion, and the time trapsients then can be used to form 
contour maps. Depending on the resulting contours, 
an appropriate mod~I can be used (i.e., dipole in a 
sphere) to make infhences about source localiza
tion. Great care mu$! be taken to eliminate epochs 
with a large amount!of eye or head movement (An-
tervo et al., 1983). \ 

Slow changes in ~he magnetic field with topo
graphic variation h~ve been recorded as much as 
1 s before foot (Ant~rvo ct al.. 1983) and complex 

: 
I 
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hand (Dcecke et al., 1985) movements. The slow
changing field preceding movement is designated 
the "readiness field" (RF) or "bereitschaftsmagnet
feld" (Deecke et al., 1985). There is also a large move
ment-related response 90-130 ms after EMG onset 
designated the "movement-evoked field" (MEF). 
Cheyne ct al. (1989) found systematic variations in 
the location of the equivalent current dipole gen
erators for both the RF and the MEF when face, 
hand, index finger, and thumb movements were 
studied. Their data arc consistent \Vith the motor 
homunculus, although explicit MRI 'correlation is 
lacking. 

Advances in Evoked Magnetic Responses 

Studies of evoked magnetic fields hold promise for 
increasing our knowledge of cerebral sensorimotor, 
and possibly cognitive, processes. Localization of 
sources by MEG is probably less affected by volume 
currents than localization based on EEG. In some 
cases, underlying ambiguity of sources and their 
orientation may be better evinced with MEG be
cause of its sensitivity to tangentially (as opposed to 
radially) oriented current sources. A problem with 
many of the studies is that responses are sensitive to 
changing cognitive~. The present direction of 
these studies includes the measurement of responses 
to more complex stimuli (i.e., oddball paradigms), 
the comparison of evoked response information 
with that obtain<!d by imaging modalities, and the 
incorporation of greater sophistication in source 
modeling, as in modelingspatiotemporal sources, as 
described by Sch erg et al. (1989) and Baumgartner et 
al. (1989). Future directions that seem appropriate 
include (I) the development oflarger. multiarray sys
tems so that responses can be recorded simultane
ously over the e"ntire head, thus avoiding the"unwant~ . 
ed variation in cognitive state; (2) the development of 
algorithms to utilize.EEG and MEG information for 
source localization; and (3) the use of more realistic 
source and volume conductor models (i.e., based on 
MRI data). The clinical utility of these advances 
remains to be determined, but they clearly are of 
importance in ourunderstandingofthe mechanisms 
of brain function. 

PRESURGICAL EVALUATION OF 
EPILEPTIC PATIENTS 

Although MEG has been used to study a rather 
large nu mhcrof epileptic patients worldwide, it is not 
an established diagnostic tool. Furthermore, MEG 
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cu rre~tly does not inllucnce the decision-making for 
the surgical treatment or epilepsy. When larger sys
tems with Caster and more realistic methods of analy
sis become available. the value of MEG may change 
significantly in this respect. 

VALIDATION OF MEG 

The point localization of sources predicted by 
MEG is unphysiological, so that the results cannot 
be compared \,ith the widespread discharging re
gion -identified on ECoG recording. Invasive tech
niques such as depth or.:rnbdural electrode record
ings are often used to validate the MEG and EEG 
findings (Sato et al.. 1989). but spikes recorded with 
these methods are different from the scalp-recorded 
spikes in terms of amplitude. waveform. and distri~ 
bution. and they cannot be compared on a one-to
one basis. Many small. independent spikes detected 
by depth or subdural recording may not be detected 
\,ith the scalp-recorded EEG or MEG unless a wide 
area of the cortex fires synchronously. 

An alternative way of comparing these three meth
ods is to compare the areas explored by each method. 
ECoG delineates regions of epileptiform discharges 
on the cortical surface (Ajmone-Marsan. 1986: Rose 
et al., 1987a), whereas EEG and MEG may not easily 
provide regional information. Assuming that each 
spike represents a slightly different discharging re
gion, analysis of many spikes will lqi:1 to an aggre
gate of many points. which in turn leads to a region 
(Sato et al., 1990). In this way. the discharging region 
identified with ECoG can be compared with that 
predicted by MEG. 

FUTURE PERSPECTIVES IN 
MEG RESEARCH 

Although the MEG localization of sources. espe
cially deep beneath the skull surface, is not as affected 
by volume currents as a similar localization based on 
EEG mapping, MEG may have some difficulty in 
detecting deeper sources because of the quick decay 
of magnetic fields. MEG studies need to be com
pared with detailed EEG studies to assess the utility 
of each. Validation of each of the techniques must be 
performed in larger groups of patients treated su r
gically or studied with invasive techniques to assess 
the true utility of MEG. 

A severe limitation ofthccurrentlyavaih1hle MEG 
systems in their inability to record events over the 
entire head simultaneously. This deficiency may 

J Cli11 N,•11mphy.<1ul.. l'ol. Ii. No 1. /99/ 

I 
introduce additiomal error, because nonsimultane
ous events must b¢ combined for analysis. 

Without doubt, ~EG is an excellent experimental 
tool but has yet to ~e proved a reliable clinical diag
nostic methodoiot. Simultaneous EEG and MEG 
recording is alway~ done to ensure that comparable 
signals at differeQt locations are being compared; 
however, this also trecludes the optimal use of MEG 
as an independen~ measurement. MEG technology 
is evolving, howe~er, and a recent report from Fin
land Cfi_i~onen et ajI., 1990) describes a magnetometer 
that has seven sens

1
ors and a scanning area 93 mm in 

diameter. Furt_herrore._ two 37-channel systems are 
now commerciallx available, and many other re
search institutes ~nd commercial firms have ex
pressed interest i~ producing even larger units to 
scan the entire he~d at once. It will be several more 
years until the routine clinical utility of MEG is es
tablished. Meanw~ile, MEG and EEG will continue 
to complement each other, and both together will 
provide more info~ation than either one alone. 

I 
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EEG alpha map series: brain micro-states by space-oriented adaptive 
segmentation 1 

D. Lehmann, H. Ozaki 2 and I. Pal -' 
D,·parrn1<'n/ of Ne11rolor.>·, Unwersity llospital, ;109/ Zurich ( Swi1:erla11d) 

(Accepted for publication: 18 December. 1986) 

Surnm~ry The spontaneous EEG, viewed as a series of momentary scalp field maps, shows stable map configurations (of 
periodically reversed polarity) for varying durations, and discontinuous changes of the configurations. For adaptive segmentation of 

map series into~hs, the maps at the times of maximal map relief are selected and spatially described by the 

.!..:.'::..o locations of maximal and minimal (extreme) potentials; a segment ends if over time an extreme leaves its pre-s.el spatial "'indow. 
Over 6 subjects, the resting alpha EEG showed 210 msec mean segment duration; segments longer than 323 msec covered 50% of the 

total time; the most prominent segment class (1.5% of all classes) covered 20% of total time (prominence varied strongly over classes: 
not all possible class,:s occurred). Spectral power and phase of averages of adaptive and pre-determined segments demonstrated the 

a_de4uacy of the strategy, and the homogeneity of adaptive segment classes by their reduced within-class variance. It is suggested that 
different segment classes manifest different brain functional states exerting diffen:nt effects on information processing. The spatially 

stationary segments might be basic building blocks or brain in[ormation processing. possibly operationaliz.ing consciousness time and 
offering a rumm(>n phenomenology for spontaneous activity and event-related potentials. The functional signifi.:ancc of segments 

might be modes or steps of information processing or performance, tested. e.g., as reaction time. 

Key words: Adaptive EEG segmentation; Spatial characteristics: Multichannel EEG segmentation; Alpha EEG momentar:,· maps; 
Spectral analysis Nyquist diagrams 

The functional state of the brain as manifested 
in the EEG determines the fate of information 
which is processed while the state exists, for exam
ple in wakefulness and sleep (see Koukkou and 
Lehmann 1983). The functional state is con
strained by several factors (Koukkou et al. 1980); 
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gross constraints are maturational stages (EEG: 
Katada et al. 1981). periodic circadian and ultra
d ian processes (reaction time: Williams et al. 1966; 
brain electrical responses: Halasz et al. 1985). and 
metabolic, drug. and disease conditions. The func
tional state is re-adjusted continuously within the 
constrained range in much shorter intervals for 
optimal processing of the information which is 
momentarily being treated (basically via the ori
enting response, see Ohman 1979; Rohrbaugh 
1984), and the functional state varies as sponta
neous short-term fluctuations (see ·nuctuations of 
attention' in Woodworth and Schlosberg 1954) in 
the realm of seconds or less. Various relationships 
between EEG data and short-term nuctuations of 
perception, vigilance and brain electrical re
sponses have been shown using single-channel 
EEG data assessment (e.g., Lehmann el al. 1965; 
Keesey and Nichols 1967; Bohdanccky cl al. 1984) 
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and ad:1pli\·e segmcnt:1ti()n of singk channel EH_;s 
(Gath cl :ti. 1983. 191<5}. 

The infnrnwiion in ()JlC EEG channel is ;1 sm:111 
fr:.icti011 of the entire EEG scalp J'ic!J J:11:1. Data 

( 

from N elcctroJes can be combined into 

N • (N - l)/2 

different EEG derivations (recording channels). 
i.e .. 120 diffs;n·o1 w:iv1' shapes can be proJuced 
with 16 electrodes (Lehmann 1984; Lehmann ct 
al. 1986). Adaptive time segmentation of the EEG 
into stationary epochs in the range of seconds has 
used time-oriented approaches and typically 
analyses data in one channel (I3arlow et al. 1981; 
Lopes da Silva 1981; Gath et al. 1983). Different 
channels yield different segment boundaries. For 
more than one channel, a combination of the 
informations from the individually treated chan
nels is proposed; up to 4 channels have been used 
(Jansen et al. 1982; Barlow .:i985; Creutzfeldt et al. 
1985 ). 

Conceptualizing functional states as global con
ditions which involve the entire brain (Ashby 1960: 
Koukkou and Lehmann 1983: Wright el al. 1985). 
the scalp field ought to be considered as a whole. 
Accord1nglv. for t~~j_<J~ntification of different 
states. information from ;ill locations ought to oe 
used with egual _wi;_fgiit;,ThouTjfre-select~ng .. i 
sub-set of the available data:-ihis can be achieved 
by using the spatial co~figurations of the series of 
momentary EEG field maps as unbiased informa
tion for adaptive time segmentation of global brain 

\J\ ~states. The underlying rationale is as follows: dif-
/"Q, _ ferent spatial configurations of the scalp field 

,;-. ~, maps must have been produced by the activity of 
\ v different neural generator populations (Sidman et & 1.., al. 1978; Grandori 1984). hence they are candi-
~ )"& \dates for functionafu different brain states. Jden-

lfir ... • •- -·· • ••w •·•·-·-- • ----··-- ~--

J" tical fidd configurations. on the other __ h~!:J.1-f]_1_!,ghl 
\<".. Q;,flecl lhe .acti.Yil)'...Jifjlj\,;.=;.il.1"!.'!C--ne~~~e~-c"rators 

\> and therefore, of f\Jnctionally5imilar states. Hence. 
the task is to determine epochs of v:1riabk lc.:ngth 

lduring which the configurntion of the scalp field 
maps is stationary. Given the periodic nature of 
the spontaneous act1v1ty of neural populations 
with their repetitive polarity rever.\als. only the 
maps' spatial configuration, not their ~Grity. 
should be used as descriptor of the states. 

I) Ll:IIM:\SN 1:·1 ,\ 

I 
To studv the fu11c1io1dl states in dL"l:1il. th,· 

pre.,~·nt papa uses a 111etll10d of ad:1pti\·cl_v seg
menting EEG map series \into time segrnenl~ <'I 
variable length and stationbry spatial ch.1r:1c1cri~
tics. Since there is virtuall\y no literature (ll1 the 
micro-phenomenology of s~ontancous alpha EEG 
map· series, the following s~ction re\'iew;,. some <1f 

their basic properties whic~ :m: the ba;,.is uf sc~-
mentation approache,. i · 

Clwracterisrics of alpha ~ EG map series. Fig. I 

shows an example of such a\ ma~ series_ during two 
alpha cycles. Jhe ma~ are bas1~ll} ~E!.~-{.L:.b
mann 1971. 1975) and tend tb be concffilri.i: .. iHOUnd 

_two extreme potential val~es. a maximal and __ a_, 
~1inimal, in some cases a eund 3 extrema. The 
configuration of momenta')' maps is not depen
dent on the chosen referebce, only the voltage 
values of the contour lines pr colours of the con
tour intervals depend on it. f. iming at spatial data 
reduction and feature extr ction, a map's basic 
'spatial characteristics can e given by the loca
_.tions of ·the peak and trou h potentials (the ex
.. trema locations) as shown J. Fig. 2. This 2-point 
characterization of a map ,an be userl with any 
number of electrodes and is analogous to describ
ing a potential field by 

1
ne equivalent model 

dipole. The charaL:terizationl of a map hy its ex
trema locations implies thal

1 

all recording points 
are considered with equal · •eight. and that the 
extracted descriptors do not \depend on the choice 
of the reference. : 

The accumulated cxtrema\locations from a time 
series of successive alpha !EEG maps exhibit a 
distinct spatial distributio~ Cfxample Fig. 48): the 
ex.trema occur frequently 111 ircstrrcted scalp areas 
al few electrodes, and infreq~cntly at many other 
electrodes (see also Fig. 9 irl Lehmann 1971 and 
Figs. 15 and 18 in Lehman~ 1981). This map of 
the ()Ccurrencc of field extr¢ma over time: is. as 
expected (Lehmann 1984: Lthrnann <:t al. 191<6). 
very similar to the map of :)pectral power of the 
EEG wave forms <luring the \same analy:.is epoch 
if the average reference is µsed ( Fig. 4(' ). The 
unequal spatial distrihution bf the extrema loca
tion~ over time is the consequ\cnce of the tentkncy 
of extreme va.lues. ~nd thus o~ rm~r c:onfi~uratio.11~. 
to c:hangc quickly in a non-cont111uous, JUlllp-lrke 

I 
lllanncr to di ff cren t con fi&u ra til>ns ( Lehrnann 

I 
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Fig. l. Series or momentary isopotential ton tour maps of the scalp field distributions recorded from 16 electrodes during two c:cles 
of alpha activity (epoch 'A' in Fig. 7) covering 21 l msec. ~laps at intervals of 7.8 msec (128 maps/sec). numbered consecuti,·ely. 
White positive, hatched negative relative to average reference; isopotential contour lines in steps of 10 µV; head seen from rear. ldt 
ear left. elet:trodc array see s::hernatic; most anterior electrode at Cz, most posterior 0.5 cm above inion at about equidistar.-:cs. 
A,tcrisks mark the 4 maps of max.imal relief (maximal glohal ricld power); see al.,o Fig. 3. Note that polarity reverses for succe;,ive 
maps of maximal glohal field power, but that their spatial configuration remains stable. Fig. 2 (below) displays the major sp;;tial 
characteristics of this map series. 

Fig. 2. Feature extraction or the major spatial characteristics or 
the m:,p series in Fig. I. The configuration of each map is 
charnctcri1.ed hy the locations of the positive and negative 
extreme potential values which are indicated by dots and 
connected hy a line. Maps at times of maximal glohal field 
power m:1rked hy asterisks. Note that the configurations of the 
maps remai~ stahlc for several successive maps around the 
1imes or maximal glohal field power (see also Fig. 3). and 
change stepwise during times of low field power. 

1971, 1981, 1984). The momentary maps show no 
wave fronts and their major characteristics do not 
propagate or travel continuously over large field 
distances (Lehmann 1971, 1981). 

V. 

The series of maps in Fig. 1 illustrates that 
wice during a spontaneous alpha cycle there are 
arge differences between the potentials al the 

most positive and the most negative locations. as 
ndicated by a larger number of isopotential lines: 

and that at two other times, the maps tend lo be 
flat with few isopotentia\ lines (Lehmann 1971). 
Using the values at all electrodes, the degree of 
relief or hilliness in a map can be assessed numeri
cally by the 'hilliness index' (Lehmann 1971) or 
the directly related measure 'global field power' 
(Lehmann and Skrandies 1980}; these are refer
ence-independent. 

Global field power (formula 1 in Appendix) of 
the data shown in Fig. 1 is plotted as a function of 
time in Fig. 3. For the alpha band, global field 
power typically shows maximal values about every 
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GLOOAL FIELD POWEil 

1286 

0 

.. 

1293 1300· 

100 

1307 MAP No 

MSEC 200 

Fig. J. Global field power per map·..ind global dissimilarity of 
suc<.:cssi1·e maps of the 211 msec map series of two cycles· of 
~lph:i activity shown in Figs. l and 2. Times of maximal global 
/jcJd power marked by asterisks. Nole longer periods of low 
Jis~imilarity, i.e .. stability of the spatial configurations of the 
maps during times of high global field power. and shorter 
ps:rio<ls of changes of map configurations during low field 
power. Vertical scales in arbitrary units. /\lap numhcring corrc
~;x,nds to Fig. l. 

.50 mscc (fig. 3; see also Fig. 7, bottom). The time 
hciween two m;.ixima of global field power corre
~ponds to a h;.ilf-wave t•f conventional voltage 
wave form records (see also Fig. 1), since there is 
t)nt! maximal and one minimal value of global 
field power for each half cycle of a rhythmic brain 
activity (Lehmann 1971). Global field power is a 
one-number statement for all electrodes. and the 
actual location of the map's pt:ak or trough is 
unimportant for the detection of the 20/st:c max
ima of global field power during 10/sec alpha 
~11:tivitv. 

In the most hasic cast.: the maps al successive 
times of maximal field power during an alpha 
..:~de arc similar in configuration. but reversed in 
r,1l.1rity (d .. the maps m;1rkcd with asterisks in 
Fig. I). It will be .~t:en that in other cases tht:re is a 
,·h:1nge of map configurati1111 hetwccn two .~ucccs
~1\c time.~ of maximal field power. 

Tht: difkrcncc in .\pati;tl config11ralit111 between 

D. l.1'.110ANN ET Al 

maps can he assessc:J hy the: oj1c-11umher rneasurl· 
(formula 2 in Appendix) of jlobal Jissimilari1y· 
( Lchm:inn and Skr.indies l 98~). u~eJ on succc.\
sive p:1irs of maps. global dissi1milari1y as a func
tion of time indicates period\~ of stability and 
instability of map configuratio1s. 

Fig. 4A and B illustrate that \he map configura
tions do not change continuo.Gsly from rn.ip lti 
map, hut ralher change stepwi~e. being stable for 
relatively long times. Figs. 1 a~d 3 illustrate that 
stable configurations are typiFally seen during 
times of high global field r.owd and that changes 
to new map configurations, which are manifest as 

I 

high values of global dissimilar)ty, occur quickly. 
typically during times of low &lobal field power 
(Lehmann 1971, 1981; Lehmann\et al. 1986). 

Accordingly, exclusive sampJlng of extrema lo
cations (data reduction in space \via feature extrac-

1 

\ 

A 

~~ • '- / • I 
. '____.,,,. ' ' :~, 'l . 

fig. 4. ,\lapping of digi1:1lly bandpas!.l:d 8-il 2 Hz alpha .11:1ivil) 
<luring an .:pcx:h of 14 ~cc duration. A: ;map of the ~patial 
di,1rihu1inn of the extrema location, (po.,ijivc and n.:ga1i1·c in 
each map) ac·.:umul:11cd from the 461 m(,p, ;11 the 1imt·, 11f 
m:i.,im:il glohal field power during the cp\id1. B: map of rhc 
sp;itial 1fo1ribuli<ln of the extreme potcn':tial l,>1:a1ions :1tTU· 
1nula1cd from :ill momc111:1ry maps I 121</s~c: 3072 map.,) uur
i11g the cp,>ch. C: mar of th~ ,pa rial di,1rih~1ion of the ,rc<:1ral 
hand pow,·r dcm,1v of rhc EEG wave fo1111., ,·,. the ;1wragc 
rckrc·n,·c during 1hc cr<>i:h. lfigh values hl~d. 111ntiu111 v;duc, 
halL"ilt"d. low value, while. Contour lines cl,1111t·,·1 ir11c·rpola1cd 
cqu;il v:iluc, of 1><·t·1irrc11rc frcyucnc_v or ,~.cclr;d hand rower. 
Cro,ses :ire dccln1<lc l<1t·;11ions. Nnlt' the si1jiilari1v pf 1hc thr,·c ' . 
n1;1p.,. 
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lion) only at the moments of nrnxiri1al glohal field 
power (data reJuction in time) is expected to be 
representative of the rntire epoch under study. 
This is supported by the similarity of the maps 
ohtaineJ with extrema locations from all sampling 
times. with extrema· locations from only the times 
of maximal global field power, and with values 
from all locations at all times. as shown in Fig. 
4A. B and C (see also later Fig. l l ). Exel usive 
sampling at times of orn:sima! field power has the 

_additional advantage that extrema de~~~~~i.srn 
in these maes with high relief will be _ _less vulner
able to noise than in maps with low relief. ------·----~- ·-----~ ..... _ ... __ ....... 

. Ii I 

127~ 

I . 
' ; ! l ! 

The c.\ample of fig. 5 shows :1 series of mo
mentary maps selected al successive times of mJx
imal global field power during spontaneous activ
ity. In each map, the locations of the most positive 
and most negative potentials are marked. Obvi
ously, these locations remain in restricted area, for 
several reversals of field polarity. This illusmtes 
how the maps at times of maximal global field 
power tend to spatially stable configurations over 
successive alpha half cycles: after a quick change 
lo a new map configuration. the maps again tend 
lo be stable for several half cycles (see also Leh
mann 1971. 1984). The segmentation procedure 

"~ 
~ 

13

~

2

111 . "'~' !

3

•

3

1 !J~ij· 

I'! '! l 
I I '' 

1 • I ! I . . I .. 

ii·~:1 . ,;~s :,~eli1 
I ' . ' 
I I I 

Fig. 5. Adaptive scgmen1111ion of a series of momentary scalp field maps covering 1585 mscc of alpha acti,·ity (epoch' B' of Fig. iJ 
recorded from 16 electrode~. The maps al successive times of maximal global field power are used. Average time between maps is S4.7 
mscc; numbers identify orig.inal sampling time points (128/~cc): white positive, hatched negative relative to average rcferenc,:; 
i!mpotcntial conlour line~ in steps 1>f 10 p.V. In each map. the locations of the maximal and minimal potentials arc marked by dots 
and connected by a line. A 4-d,;ctro<lc square window is used for segmenlation (see text). Segment lerminalions are marked by 
vertical arrows and the 1oCgmcnl numbers correspond to those in Fig. 7. See Fig. 8 for maps of the segment classes. 

\ . 
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used in this paper is designed to identify the~c 
brief epochs of stability. It is hoped that the 
results clarify the micro-phenomenology of the 
EEG. 

Methods 

EEG data·were obtained as 16-channel records 
from 6 normal. unselected, right-handed. male 
volunteers between 25 and 35 years of age. Grass 
gold cup electrodes were placed with Grass EC-2 
cream al about equidistant spacing over an area 
between the vertex and 0.5 cm above the inion, 
using the array schematic shown in Fig. 6. Using 
one of the electrodes as common reference, the 
spontaneous EEG was recorded from the comfort
ably seated subjects in a sound-shielded chamber. 
After 5-8 min of adaptation to the recording 
surrounds. ADC started 30 soc after the request to 
close the eyes. After anti-alias filtering. the data 
were sampled for 2 min at 128 samples/sec, and 
digitally filtered off-line using a finite impulse-re
sponse linear phase filter (McClellan et al. 1973) 
with a bandpass of 8.6-11.6 Hz (3 dB points; 20 
dB down at 7 and 13 Hz). The data were refor
matted into series of momentary voltage maps for 
further analysis. For display and comparisons. the 
maps were n::computed vs. the average reference. 

SeF,mentation 
Global field power was computed for each map 

and examined over time. The maps at all time 
points of maximal global field power were selected 
and only these were used for segmentation. In 
these mnps the locntions of \.he._positive ood ·liic 
l)egative field extre_me pot~ntials ~~re .determined. 
f:. segf))~_nt was accepted to continue as long as the 

" 
/12-J"-.. 
' ' (4 5 n 7 a· 1 

I g 10 n 12 1Jj 

~ 
Fig. 6. &he111atic of the array of c:lc,·trodcs (nurnfxrccl). J lc;1J 
~ccn from rear, moM anterior electrode al Cz. mmt po,tcrior 
0.5 cm ahovc inion, ahout c<jual intcr-ckctrodc Ji,t.11Kc,. 

D. LEHMANN ET Al.. 

extrema of succcssi1e mars 
1
n:mained in the 'two 

spatial window :m:as whirh[ arc dcfinetl hy the 
locations of the extrema in fhe first maps of the 
segment. We used ~r:1tial wir~dows consisting of a 
square array of 4 electrodes tbut a segment might 
terminate without extrema h: ving occurred al all 4 
electrodes). Tht.: dectroc.k w ere the extreme oc
curred in the first m:1p nf a kgment is the initial 
location. If. in a subseque~t map, an extreme 
occurs at a neighbor electrod~ in the transverse or 
sagittal direction. the wind~w is defined in the 
respective direction. :ind if it1occurs at a diagonal 
neighbor electrode, the wind1w is defined in both 
directions. If an extreme 1curs outside of the 
window, or farther away from the initial location 
than one electrode distantje, the segment is 
terminated, and both windoivs are reset for the 
next segment. It is possible t~at the two windows 
of a segment overlap partiall)1- · 

As an example, let one ext~eme in the first map 
occur nt electrode 10 in Fig.~- If in a subsequent 
map an extreme occurs at elec'

1
trode 4 (or 6; or 15), 

the square window is compretely defined. com
prising electrodes 4. 5, 9 and I 10 ( or 5, 6, 10 and 

I 

11; or 10, 11, 14 and 15). jlf. after the initial 
location, the extreme occurs ad electrodes 5 or 9 or 
11 or 14, the window is d~fined in only one 
direction, and complete definiition requires an ad
ditional occurrence location (if the extreme oc
curred at electrode 9 and 14.\ the wiridow would 
consist of only 3 electrodes).j As long ns subse
quent extremes occur within jhe set window, the 
segment continues. unless the\ other extreme left 
its window. An example of~· the application of 
these rules to a sequence of 10mentary maps al 
successive times of maximal g,obal field power is 
shown in Fig. 5. l 

I 

The class to which a segmenit belongs is defined 
by the two electrode locations f one in each spatial 
window) with the highest occ~rrcnce frequencies 
of extrema over all analyzed maps of the segment. 
Following the above-described\window definition. 
120 different segment classes a~e theoretically pO.\
sihle for our 16-electrode .irra{ If a tic of occur
rence frequencies existed betwetn electrodes within 
a window arc:1, i.e., if 2 or even\ 3 electrodes in the . 
window had the same frcqucncr of extreme occur
renee during the segment's c;furation, then the 

! 
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higher sum or the global rield power values or the 
momentary maps out or which the extrema were 
collected would decide the elect rode which de
ri ned the segment class. 

Results 

A sample or adaptive segmcnlation of an alpha 
bandpassed recording of several seconds is il
lustrated in Fig. 7, where the segment boundaries 
are drawn into the EEG wave shapes (recomputed 
vs. the average reference) during the firs_t 8 sec of 

the recording of one of the subjects. The unequal 
durations of the segments arc evident. The ~eg
ments which were found during the 4.7 sec q,och 
· C of the wave shapes of Fig. 7 arc i II usl ra led in 
Fig. 8. This figure gives for each segment an 
interpolated map of the accumulated extrema of 
all momentary maps at maximal field power times 
during the segment (these maps of extrema occur
rence arc of the same type as those in Fig. 4A and 
B). Fig. 8 shows that, in most segments, there is a 
very clear preponderance of the extreme occur
rence al one of the 3 or 4 electrodes in the spatial 

~~ ISEC 

Fig. 7. Wave sh:,pc~ vs. the average refcrenc.: recorded during 8 sec in 16 channels (electrode array of Fig. 6) and digitally liltercd lo 
!l-12 Hz. Vertical distance helween zero lines of successive channels is 90 µ.V. Bollom trace shows global licld power. Vertical lines 
show the adaptively determined segment boundaries; segment numbers al bottom correspond lo the numbers in Figs. 5 and 8. Epoch 
'A' was used lor Figs. I, 2 and 3, 'B' for Fig. 5, and 'C' lor Fig. 8. 
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l-"ig. X. /.Lip, nf nccurrence of extreme r,•lenlial values durir.g the succc.,sivc segments of the 4.7 sec epoch 1c in Fig. 7. During each 

:uJ;1p1"·d:,-determined segment. the momentary maps al :ill 11me, of maximal glohal fielJ power wc·rc seareh 1cJ for 1h~ lcx:ations of the 

1v.,1 extreme p,llcn1ials: 1he,c location, -..ae :iccumula1ed and linearly in1erpola1cd hetween ck't:trnJcs 10 cJn,truct the present map,. 

(The numhcr <'f i,o-frc4ucncy-of-occurrcncc _ lines therefore is rcluted to the numher of time, of m:iximJJ glohal field powi:r.) The 

figure to the left hclow each m:1p is the '<:gment numher uscJ in Fig. 7. The figure 10 the rig.ht :ihMc e:1ch ~ar is the numhi:r of time, 

'.'f maxim:d g.lohal ficlJ rower during the .,cgment: sinci: m:i.\imal glohal field power on·urs :1t ~h<1u1 so risec intervals. the upper 

rig.hi figure mulliplicd hy SO indic:.itcs ,q:rncnl Jurntion in rn,cc. I 

wine.low. even for relativdy long segments. Only 
scgmcnts 49. 51 and 62 showed equal occurrence 
;11 2 clcctroc.Jes within a window. and had to he 
da~sed con.\rc.Jcring lhc sunirncJ ficlc.J rowcr val
uc~. Therc i~ no ohvious rule of seyuence for 1hc 
difkn:nt .\cgmcnt clas~cs in Fig. X. The succcssive 
scgmcnt cl;1sscs :ire vcry Jiffcrcnl in sratial char
actcrislics. e.g .. the series of 10 'anterior ldt ll) 
roslcrinr righ1' orienlcc.l · mar configur:ilions llf 
segment 53 in Fig. 8 is followcc.J hy !he 6 'anteri,lr 
right to rosicrior left' configurations of !he nc.\t 
,cgrncnl. which is followed hy 1hc 'anlcrior rn,d-

i 
I 
I ., 

line to posterior right' segmc1l 55 and then hy the 
· posterior temporal righ1 to P?Stcrior left' oriented 
segment 56. i 

Table I gives an ovcrview ~f the major fcaturcs 
of the scgments for !he indivi1.i ual suhjccts and lhc 
means for thL: sarnr,lc populapon. On the average 
over subjects the scgmt:nls' :mean duration w:t~ 

210 msec. The distribution of tot.ii timc covered 
hy segments of increasing J4ration was strong.I:, 
skcwcJ (Fig. 9): nvcr suhjcct~. ahout 70% of lhL 
tolal time was nivcrcc.J by se~mcnts of 210 mscc 
d""";"" m longc<. )IJS ol cnr ,;m, hy segnwnc., 

i 

i 

I 
Approved For Release 2003/04/18: CIA-RDP96-00789R003~00030001-4 

I 
! 



Approved For Release 2003/04/18: CIA-RDP96-00789R003100030001-4 

ADAPTIVE MULTICHANNEL EEG .SEGMENTS VIA MAP. CRITERIA 

TAULI.: I 

Numerical characteristics of alpha hand segments ,,f 2 min analysis epoch in c:1,h ,,f 6 subjects. Entries for individual ,ub1cc1, "ere 
n>unded if greater than 3; means and standard deviations over suhj<:cts "~re cor.1putc·d bdorc r,,unding. 

Suhjccl no. 

2 

(AJ All segmmt.r d11rirJfi th,• onuzl'Scd ,·po,·h of .1 r>1i11 
Our~tion of segments. 

mcan(mscc) DR 201 
50% of total time was 

covered by segments 
longer than (msec)· 

25% of total time was 
covered by segments 
longer than (msec} 

Number of segment 
classes in 2 min 

Number of segments/min 
Number of segments/ 

class/min 

JS9 

610 

52 
252 

5 

310 

487 

65 
298 

3 

225 

336 

538 

60 
268 

4 

4 

259 

387 

619 

45 
232 

5 

(BJ Segments of the class 1,•hich covered maximal total time of all classes 
Duration, mean (mscc} 471 329 337 403 
% time covered 28 16 15 26 
%of all segments 14 10 10 17 
Number of segments/min 36 29 28 39 

(CJ Segment.< of the class cm.wir,y, second to nwximal total time of all classes 
Duration. mean (msec) 307 243 265 258 
% time covered 9 12 13 11 
%of all segments 7 10 11 11 
Number of segments/min 17 30 31 26 

(DJ Segments which lasted longer than 600 msec 
Duration, mean (msec} 852 834 
% time covered 27 19 
% of all segments 8 5 
Number of segments/min 19 14 
Number of segments/ 

class/min 1.7 1.5 
The segments belonged 

to how many classes 11 9 
or, % of all classes 11 14 

or these segments over 
600 msec, how many were 
over 1000 msec?/min 

Longest segment (mscc} 
4 

1910 
3 

1328 

831 
19 
5 

14 

1.2 

11 
18 

2 
1638 

848 
26 

8 
19 

1.6 

11 
24 

3 
1492 

5 

~60 

555 

53 
270 

.'ll 

:s 
16 

331 
16 
11 
29 

933 
19 
5 

13 

2.1 

6 
11 

2 
2656 

6 

117 

155 

237 

85 
516 

6 

152 
8 
7 

34 

192 
7 
4 

21 

609 
0.5 
0.1 
0.5 

0.5 

1.2 

0 
609 

Mean (n = 6) 

210 

323 

508 

60 
305 

5.0 

345 
20.2 
12.3 
34.6 

266 
11.3 
9.0 

25.7 

817 
18.4 

5.2 
12.9 

1.4 

8.2 
13.2 

2.2 
1605 

SD. 

88 

141 

14 
104 

0.6 

108 
8.4 
3.9 
6.2 

49 
3.1 
2.9 
5.6 

109 
9.5 
2.9 
6.7 

0.5 

4.0 
7.6 

1.2 
675 

longer than 323 msec, and 25% by those longer 
than 508 msec. In all 6 .subjects, only about SO% of 
the theoretically possible 120 different segment 
classes were actually found during the analyzed 2 
min records. (With increased analysis time there is 
an expected, but lcvelling··Orf, increase in the num
ber of da.sses, e.g., in subject no. 1: 28 classes in 

30 sec, 47 in 60 sec and 52 in 120 sec.) In addition. 
the different segment classes showed very differ
ent frequencies of occurrence. On average, there 
were 5 segments/class/min, but the frequencies 
varied greatly: the segment class which covered 
most total time per subject (' most prominent' 
class. Table lB) occurred about 35 times/min. and 

Ap~roved For Release 2003/04/18: CIA-RDP96-00789R003100030001-4 



Approved For Release 2003/04/18 : CIA-RDP96-00789R003·~ 00030001-4 
I 

·.t 

5 

0 +---,----~-~~-~;::::::.L.L----=i-L--'-C=!\ 
O 500 1000 msec 1500 

F,~. c; T,,1al 'l 1imc (l'crti<.:al) nwcrcd hy ,cgmcnt, ,,r J,rr.:rcn1 
Jura1,,,n, (horizon1al). /I.lean :inJ S.E. owr the 6 .,uhjc<.:ts. 

thc class which covcred the next most time (Table 
IC) occurred about 26 times/min. These two most 
prominent classes also had significantly increased 
me;1:1 segment durations over subjects (paired 
Wilcoxon P smalkr than 0.025). longer by more 
th:in 50%. and 25%. respectively. than the :iverage 
~eg.r.;-!nl duration. However, long segmcnts over 
600 msec. which constituted only 5% of all scg
men:s. belonged to many different classc.:s (T:ibk 
ID) ;ind showed an a vernge occurrence pc.:r class 
of o:i.ly 1.5 segments/class/min. 

T.1e most prominent segment class on the aver
age.: Lwc:r suhjects covered about 20% of the total 
time with only aht)Ul 12% of all segmrnts. and the 
(W() :TIO;(( prominent Classes together COVC.:rCd 0Vt:r 

)0% of the timc with 21 % of all segments. The 
clas~;:s which covaed most time (f-'ig. 10) in sub
Ject, l through 5 wac.: quite similar. hdonging to 
the ·anterior kft (or midline) to posterior right' 
type. which reflects the frequcnt right hemisphere 
alph:.i dominance: only subject 6 and a most 
prominent class of the 'anterior midline tn pos
terior left' type. Fig. 10 shows also that the classes 
which covered the second most total time differed 
nwrc hetwern subjects. In all hut subject 4. the 
long:.:~t segment helonged to one of the two most 
prominent classes. 

Our segment class Jdinition makes it pl)ssihk 
that successive segments might hclong In the sa111c 
cl:is,. This. however. occurred only 2X times 
(O.OS%,) among the 36<,6 segment houndaries found 
in tr:c pre:-,cnt entire material. 

Tne :-.cgmcnt boundaries in our pn>eedurc might 
Jcp.::nd on the starting point or the analy.,is. since 

D. 1.1:.IIMANN ET ,\I.. 

'."''.\"(\)"'/"S""tt\~""(~ (!) 
\\ '-·- ~ 'j ·- "- .; ' 
~'J·'·'\('!~·, A>;-W"!~ r.nv~a[{ ~~'~'.''j ··~MAi>'!1\\'./>-.->i ·., ... e, ( __ \/ ~ -·. "-. / \ ) 
~UllJ(C I 1 ;, J ! .c J 

Fig. 10. &hc111atiL· of ~cgmcnt da,~L whic:h cm·cr,·d mo,1 time 
furrcr rnw) :inJ s,-c,,nd most time ji,mcr r,iw) in the record pf 
each ~uhJcct. i · 

I 
i 

the first occurrence of an I extreme outside the 
initial location decides the id,cation of the window. 
This problem is not serious\ since the segmenta
tion becomes unambiguous after the first boundary 
which is caused by a changt of an extreme loca
tion by more than one electjrode, an event which 
occurs very frequently, in t~c present material in 
nearly 40% of the segments.\ 

! 

Validation , 
For feature extraction ahd segmentation. we 

applied a data reduction in \ime by ~electing the 
maps at the times of maxim~! global field power, 
and in space by selecting t~e two extrema loca
tions in each map as crucial features. This char
acterization of the segments ~y two extrema omits 
map characteristics of seconf ary strength. We ex-

(

nmined the possible impor~ance of the omitted 
information by comparing !the two-extrema de
·scription of adaptively dcterh1ined segments with 
power maps of the same seg+ents computed from 
all originally available data. \\'e also tested whether 
adaptive segmentation which is based on the re
duced data set successfully lpds to reduced vari
ance over time and increase~ variance over space. 
i.e.. to more stationary an~ more pronounced 
average map relief than prc-tjetermined segmenta-
tion. · 

Fourier transforms of the ~omplete d.ita sets of 
adaptively determined segmfnts were computed. 
Epoch length for transform~tion was 594 mscc. 
covering 76 data points: :j I /10 cosine taper 
window preceded FFT, and\ the spectra wen.: 3-
point-smoothed ( 1/4. 1/2. IY4). Power w:.is com
puted vs. the avernge rdcrcrlce. i.e .. using sp.itial 

I 

DC rejection, a meaningful! and physiologically 
interpretable way to exami~c local variance of 
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field po1c11tials over time (Fig. 48: sec also Leh
mann 197\. 1984; Walter ct al. 1984: Bcrtr:,nd ct 
al. l ns: Lehmann Cl al. 1986). Fig. I l shows 
maps of the 10.1 Hi spectral power of the wave 
5hapcs of the adaptively determined segments. 
These power maps of the complete data sci arc 
compared with our 2-location descriptions of the 
same data. 

The power maps vs. the average reference of 
the individual adaptively determined segments arc 
vay similar within a given class and reflect their 
respective classes well (Fig. 1 IA and B). while 
those of the pre-determined fixed-length consecu
tive segments (Fig. 11C) differ considerably one 
from another. However, even though mean maps 
of spectral band power of wave shapes of longer 
data epochs (example Fig. 4C) almost always show 
3 spatial peaks of power, very short, pre-de
termined segments such as in Fig. 11 C sometimes 
have only two spatial peaks of power, probably 
because much of the short analysis epoch is 

" ,r;---· .. 
,.• I 

:\\mif) 

nwcrcd h:, (111e class ()f ;1Japtivdy dctcr111i11cd 
scg111c11ts. ThL'. c\ample of averaged s1nc·<.:l>~1nc 
vcct,,r di:1g.rams (Lehmann ct al. 1986) in Fig. l ~ 
illuqr;1tcs that lhc variance of phase :rnglc~ he
twccn different electrodes ewer segments i~ mul'l1 
sm:1llcr (si,.c of circles ar0und electrode c11tric~) 
ftir ad:1ptivcly determined th:.1n for pre-determined 
segments. The ad:iptivcly segmented data in tht:se 
vectt,r diagrams also show a more distinct config
urati~111 of the entries. with two electrodes clcarly 
at the extreme positions (in Fig. 12A: electrodes 
16 and 4. and Fig. l2B: electrodes 16 and 2) and 
thus showing maximal power of the wave sk1pcs 
over time. whereas in the pre-determined segment 
averages, several electrodes are close to the ex
treme positions and show overlapping standard 
deviations, indicating a less distinct spatial distri
bution of spectral power computed over time. 

When comparing adaptively determined seg
ments (Table llA) and predetermined segments 
(Table JIB and C). there are 3 expectations if one 

" 

" " ~ 
/ ' 

~: 

Fig. 11. bu-power c;o111our maps or 1hc 10.1 Hz point or the Fourier-iran\rormcd wave shapes vs. 1hc average rdercm:c or da1a 
,eg111cn1, ur 594 111sec uura1i,,n, from one subject. A: power maps ,,r 5 adap1ivcly dc1crmine,J segments of das, • a· (sehema1ic un 1hc 
right). ll: power maps or 5 adaptively uclcrmine<l scgmen1, or dass · h." C': power rn;1p, uf the first 5 ,uc·ce,,ivc prc-,kterrn1ncd 
,cgmcnls or 1he epoch u,cd in Tahk I IC. High power Mippkd, low power while; i,n-power c·ontours in c.;ual .step,. N,>te ,un,i,1cnc~· 
of ,p;11i:it rnnfigur:ition or power m:1ps of adap1ivcty <lc1crmincd scg.ments and 1heir agrccmcnl with 1hc ":hema1ie (scgmenl da"). 
and irll'on\i,1cnc·y hetwcen prc-dc1crmincd segments. 

\ 

Approved For Release 2003/04/18: CIA-RDP96-00789R003100030001-4 



Approved For Release 2003/04/18 : CIA-RDP96-00789R003 00030001-4 

2X2 

A 

I 
I 

I 
I 

C 

B 

i, '" ) \ ~ _1, 1 

I\ ,. 
• . .': 

----~-·· 

·--. ----

D. !.Ell MANN 1'.T :\l.. 

\ 
\ 

N·6 

/ 
I 

i 

/ 

N-58 

i 

I 
Fig. l ~. Sine-cosine veclor diagrams (Ny4uis1 diagrams) of the 10.1 H1. point of 16-channcl wave shapes. fouricr-transformcd in 
,cgrncnh of 594 msec duration and averaged over N epochs using the he,t fit rotation method (Lehrn:.i~n ct al. 1986). Cosine 
coefficient horizontal, sine coefficient vertical. Numher, of entries indicate electrode position, (sec Fig. 6)j hca,·y numhcr, m:.irk 
dcc:1roJes with maximal power in A and il. Circles give the standard deviation of the entries. The ccnler of thq di:,gr:1111 is the average 

reference poinl. 1hc mean of all entries. A: 5 adaptively determined segment, of class 'a' were averaged. B: 6Jadaptivcly determined 
,egmcn1, of class 'h' averaged. C: 6 successive. pre-determined segments were averaged. D: average of :the fir,1 58 successive 

pre-determined segments of a continuous recording. Nole larger standarJ deviations :1rnund :1vcrage v:.i!Le., of prc-dclcrmined 
,..;gmen1s than adaptively de1ermined segments. · 

considers :.di sampling points in Lime and space: 
(I) Within a given class of udaptively determined 
~egments. the vuriance of the configuration of 
maps of spectral hand power of EEG wave shapes 
(Table II. column 5) should he minimal over seg
ments (even though they occur non-consecutively). 
.ind it should be smaller than the variance of 
power map con figurations over successive. pre-ue
tcrminc.:d segments. (2) It follows from this that 

l 
the relief of the mean power m(1p over the powc.:r 
maps of several segments (Ta~le II. column 3) 
should be more pronounced ~or :1daptively de
tc.:rrnincd segments of a givc.:n qlass than for pre
determined segments. (3) It alsb follows that for 
adaptively uetermincd scgmcntsj the mc.:an value of 
ri.:lid of the puwcr ma_ps of all tgrncnls ~f :.1 cl:1ss 
(Tahlc II, column 4) ideally shpuld he s11111l:1r to 
the relief value, of the mean riow1.:r map of the 
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T,\lll I: 11 

Ch;ir;ic1cri,1ics 0f c,,nfigura1inn; pf ni;1p, of 1hc 10.l 11,. ,1,,·,1r;il pnwn ,,f 1hc w;ivc ,h:,pc, nf d.11:i Cf'<'<:l" 1,:·;111,·n:, <>f ''l~ 111,,, 
durati\ll\, rri..Hll thi.; 2 ,nin recording (lr l'I\C ~uhp .. ·, .. :t. Thi: m:ip:-. \\l'ft..' lllHl1':di1cJ for unit)' rl'i1cf rnagni1ud 1 .. .' II\ t'·dcr {\\ .·,·· .. :u ... 1\[l Ill.I[' 

,·,,nf1g11r;i1i,,11. (A) Mc;in power mJps of ;ill ;1d.1p11vdy ,k1crmi11cd ,~g111c111s which bcl,,ngcJ "' ih,· 4 da,,c, nf ,,gmcn:, -.-i,~. 1hrcc <'r 
111<,rc ,cgn1c111, of 594 or more m,cc dura1io11 Juring the rcn>rd,ng 1i111c. (B) Mc;in p,mcr 111;irs pf 4 gr,,urs 1:-., d1<hcc '" r.1.11d1 :-,..·, 
111 ,\) ,,f ,cgrnc111S which w,•re r:inJ,Hnly .,clcc:cd from 1hc 5~ ..:on,c,·111ivc. prc-dctcrrnincd ,cgrncnis i11 C. (C) ~LJll pn·.<r 11,Jr ,,f 1hc 
fir,1 5~ prc-dctcrmincJ ,cgmc,11, ,,f 1hc rc..:,,rdin~. The <:t>n1put;il1Pn of map relief and di"i111il:rr,1y w;" dnnc .. '1cr f,,,-11iiJ,· 1 l) .i:,d 

Olin 1hc 1c,1. 

( I l Ci.1',/grour 
<lf .,L'gmL'nts 

(2) S,gmcnts ( N) lJ) Relief 
( ficlJ power) 
of 1hc mean mar 
(Jf 1hc N mars 

(4) ~kan relief 
(fidJ rower) 
of the relids 
of the N map, 

(5) Diss1111,Jril)' 
hct.,q:~n tt-.~ 1ndi,·1~-.;~tl 

rn:..1rs \1.-hil..·~ con1n·-Jtt.:C 
1,, 1he mcJr. mJp 

(A/ Mwn Ill. I H: power mops of.: d1flcrc111 clt1H<'S of odap1i1·c!i• d,•1crn1in,'li -'<'/;!ll<'fl/S 

1. N = 5 0.259 0.262 0.10$ 
0.105 
0.04S 
O.OS7 

2. N = 6 
3. N=3 
4. N=3 

Average (N = 4) 
(S.D.) 

0.249 
0.232 
0.282 

0.256 • • • 
(0.0209) 

0.262 
0.236 
0.299 

0.265 + + ~ 

(0.0259) 
0.0S7 "'"' • 
(0.0276) 

/HJ ,lfrun JO.I JI: pm,·er maps of.: vuJ1ps (N., 11w1Chcd ro Jara in AJ of pre-dc1um1ned segme111s ,.,h,ch were roncl,»--,\· ,·c!e,·:'J frc.nr C 
l. N = 5 0.165 0.250 0.206 
2. N = 6 0.196 0.272 0.19-) 
3. N = 3 
4. N=3 

Average (N=4) 
(S.D.) 

0.187 
0.168 

0.179 • • • 
(0.0149) 

0.229 
0.258 

0.252 + +. 

(0.0179) 

0.139 
0.1 i\ 

0.1 i; • · · 
(0.0288) 

(C) Mean JO. I JI: p1111'<'r map of 58 wn.H-curi1·,·. pre-d,·1t•n11i11ed s,·.~mcn/s 
!. N=58 0.159 
(S.D.l 

(N = ll 
(S.l).) 

0.159 • • • 
(0) 

0.258 ... 

(0.0261) 
0.20\ 

0.20l • •. 
(0) 

• • • The average relief and dissimiiJrity values of class mean maps of adapth·cly determined segments (A) arc ,,gnific~:11ly cifkrcn1 
frllm the corrc~p0nding values of the randomly sdc<:led pre-determined segments (Bl and _fr(lm thos.: 0f ~:1 SX v~·dc1~rmined 
segmenls (C). with all I test P k,cls smaller than 0.005 (non-pookd vurianccs. df = 6 and Jf = 3. rcsp«tivd~ ). 
' '· The Jiffcrcncc hctwccn the rdid of the mean map (column 3) and the mean relief of all N maps (C<>lw:.in 4) r; significantly 

,mailer fnr the adaptivi.:ly delcrmincJ segments (A) than for the pre-dctcrmincd segment, {B) <1nt.! (CJ: hoth , t~,t P ,:slues t.·\ vs. B 
and A v,. C) were smaller than 0.005 (non-pnokd variances. df = 6 and ti/= 3. rcspcl'tivdy). 

class. while for pre-determined segments, value 
differences are expected, since the mean map will 
be averaged from individual maps with different 
configurations and hence is expected to tend to a 
flatter' landscape.' The data in Table I I include all 
adaptively determined segments. from one arbi
trarily selected subjec<. which were 594 mscc or 
longer an<l belonged to segment classes which 
occurred al least 3 times; also included in Table 11 
arc size-matched sets of pre-determined segments 
as controls. Table 11 shows that all 3 expectations 

are met. In summary, the maps of adaptively 
determined segments show significant(:.- more dis
tinct spatial characteristics than those of pre-de
termined segments. 

The results in Table II were computed from the 
complete data sets, i.e., from all sampling time 
points and from all locations, but used the r~rificd 
data set as criterion for adaptive segmentation. 
Therefore, these results support the notion that 
the description of the maps at ma:..imal iield power 
times by the peak and trough lncations permits 
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rl·l·ngniti(lfl of the hounc.Lirics nf sp:1tially sl:1-
1i,l::;1ry data cp()chs. 
· Even though con\'entional averaging of pri.:-Je
terr:iined scgrrn:nls results in rl.itteni.:c.l avi.:ragi.: 
m:.i;n llf power. it ohviously does not produce 
slructurekss power maps. There is still apprecia
hk variance of hanJ power over space (Tahlc I IC) 
:.is ..:an also he seen in the now popular power
rna;:ipin'g systems. This is explained by the relative 
prqonder:mce of occurrence of few preferred field 
cJa.,.ses: most frequent arc right-posterior-to-ante
rior types, lo a lesser degree left-posterior-to-ante
rior types (Figs. 4 and IO; sec also Lehmann 1971 
Fig. 9, 1981 Fig. 18). 

Lsing alpha handpassed white noise (random 
ove~ space and time) as input lo the segmentation, 
the mean segment duration (109 msec, S.D. ,= 76 
mse.:. 1098 segments/2 min) was significantly 
shorter ( r test, P < 0.005) than the mean segment 
Jur::.tion obtained in our subjects (210 msec). The 
whi:e noise segments were even significantly 
shlir:er ( P < 0.025) than those of subject 6 who 
sho·,; ed the shortest mean duration. Con Lrary to 
the ~eal data, all possible 120 classes occurred in 
the while noise segmentation antl. as expected. the 
while noise data showed a uniform distribution of 
ex trcma over space. 

Discussion 

T1e adaptively determined segments of the map 
serie, belong to different classes as defined hy 
their spatial characteristics (' lantlscapes'). There 
..ippt:Jrs to be no obvious, simple rule for the 
succ<:ssion of the tlifferent segment classes in the 
results in Fig. 8 and in other examined examples 
of s,gmenL sequences, but comprehensive studies 
still need to be done. I lowever. from a psycho
phy~:1ilogic:1' viewpoint we do not expect sys
tem;.i:ic :-c4ui:nces since we hypothesize th..it the 
Jiff.:renl micro slates or segment classes are in
st;ilk-J hy the brain as a consequent:e of the type 
antl content of 1hi.: infori11ation which is rnomen
taril> tre..11cJ (see Koukkou antl Lehmann 1983). 
Frl>n1 thi~ viewpoint, a crucial f.tclor for the pre
Jic1i,1n of the next .~t..ile is lhe individual-srecific 

! 

I>. I.I'.! I t-.1 :\ N N i::t :\ I.. 

irnp\lrtance pf tll, nH1111,1~1arily 1r.:a1cd informa
l ion. 

Interesting form;il a~pc~ts l>f sl;1te d1;111gl·~ arc 
\lffercd hy Wrighl cl al. ( i %5) who disrnss non
line:1r 1ransili(ins hc1wccd Jine:1r sl;11es. and hy 
llakcn's ( 1983, r. 264) ;1hrroach llf syncrgctics. 
which shows that changidg a control p:rrarnclL'f 
causes self-organizing svs!tcms to pas., thr()ul!h 

~ - I ~ 

several instabilities. i.e .. tp form a hierarchy of 
sratial patterns. and that f fferent ratlerns occur 
after each identical paramrtcr ch:111ge .. ,uggcsting 
that tliffcrent sequences or, brain micro states arc 
triggered by identical sing!¢ inpul events. , 

We used time- and sp::de-reduced data for the 
egmentation of the EEG[ m..ip series. Segment 
oundaries of spatially red~ced (fcature-extracte~) 
ml non-reduced data can ~e compared systern;Jtr
ally by using global dissimilarity (formula 2 in 

Appendix) on segment series of complete nwps. 
employing voltage ranks in!,stead of absolute \'Olt
ages to concentrate on con~iguration aml to avoid 
effects of magnitude: glob~I dissimilarity is com
puted for successive pairs\ of maps at tir:ncs of 
maximal fieltl power: e;.ich ;c.Jissimilarity comput..i- .. 
lion is done twice. using the\ two maps as thc:::v are. 
and using one map reve~sed\in polarity (equi;.,tlt:nt 
to rectification): the lower qr the two dissimilarity 
values is accepted. since no \assumptions are made 
a hou t the succession of cqnfigu r..i t_ions; a ftcr J
poin t smoothing to repress ispurious effects. tirne 
points of m..iximal values id the curve of tlissimi
larity between successive ti1aps are accepted ..is 
segment bountlarics. Agrqcment between this 
glohal dissimilarity procedurtc and our extrcma-ln
cation method can he testeµ with the t;hi-squ..ire 
statistic for comparing two[ simultaneous neur..il 
spike trains (Ger.stein el alJ 1978). For instance. 
the d..ita in Fig. 8 which cr1 n.sist of 90 maps at 
111a.\i111al gloh..il ficltl power times yil!lded 17 seg
ment boundaries with the tl ssimilarity prncedure 
and 19 hound:tries with pie c.xtrema-locatiun 
method: 9 coincitlcd ..it iqcntical time points: 
goodnc~~ of corrcspontlenlc nf the segment 
hound..irics was significant with x~ 00 12.75. df = I. 
/' < !J.OU I. ; 

Non-linearly interpolated 111:1p v;ducs (e.g .. 
Ashida ct al. · l 979: Coppod1 cl :1!. 1982) would 
offer the [)l>Ssihiliiv lo use )(icatio11s of extrema 

, ' 
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which ;ire: nol restricted to clc:L'trode positions: in 
th,~ case. circular spatial windows of finely graded 
111;1gni1udr could be used, bul a very large number 
of p().,sihk segment classes would result. which 
W()Uld n:<.juirc clustering procedu_res even ftH :1 

first sum:y of n::sults. Physiologically meaningful 
sizc:s of the spatial windows might be daived from 
krh)wlcdge about the spatial frequencies which 
exist in momentary maps (but at present no such 
systc:matic knowledge is available). 

In our spatial approach to adaptive segmenta
tion as well as in other, time-oriented. approaches, 
the periodic polarity reversals of the electrical 
fields arc accepted as a basic property of a stable 
br::iin stale. The functional significance of these 
EEG polarity reversals is still unclear: only a 
small effect on reaction time is known (Callaway 
1962; Dustman and Beck 1965). It might neverthe
less be hypothesized that similar brain field con
figurations of reversed polarity are produced by 
spatially different neural populations, and hence 
might show unequal spatial voltage gradients. We 
tested this in one of our subjects. examining the 
maps at the times of maximal global field power 
of the 6 segment cl::isses which each had more than 
13 such maps: the segment class with the largest 
number of cases had 93 maps. There wus no 
significant difference of the gradient magnitude 
between maps of opposite polarity in any of the 6 
classes. This supports the concept that a segment) 
i.s represented by a spatiully stable generator pro
cess of periodically reversing polarity. 

This paper reports alpha bandpassed data from 
awake subjects who showed appreciable alpha 
power during the analysis time. Full hand adap
tive segmentation produced related but, ex
pectedly. not identical results. Global field power 
curves for full band are somewhat more noisy. 
with occasional dominant waves slower than 
20/sec (examples in Lehmann 1971). For adaptive 
segmentation of full hand multichannel EEG data 
from grossly different 'states such as sleep and 
wakefulness one might employ a two step ap
proach: first, a time-oriented procedure to seg
ment adaptively the single. global field power 
curve of the multichannel data into temporally 
stationary segments in the range of seconds; and 
secondly. our space-oriented procedure for adap-

ti,·L· segmentation of these larger 'frcyuenc,-dc
fincd' ~egrnents int(1 ~patially defined rrncrti ~::1te~. 

The minimal segment duratil)ll in l1ur ~;i:1L'L'· 

h:1~cd procedure is about a half wave ('f dl)1111nan1 
temporal frequency of the convent1c)I1:JI wave 
sh:ipes (about 50 msec for alpha rhythm) anJ thus 
is considerably shorter than in timc-orien ted Jdap
ti,·c segmentations where minimal times of Jbout 
a 5ccond or more arc required (e.g., CrcutzfciJt et 
al. 1985). In addition. and contrary 10 time-ori
ented segmentations. the space-oriented procedure 
can classify a momentary single-map stJte. (Either 
the momentary map or the map at the time of the 
closest maximal value of the global iield power 
curve might be used.) This possibility to cbssify 
momentary single maps might permit the recogni
tion of brief state discontinuities such as epileptic 
events whose momentary spatial maps ( Lehmann 
l 9i2) differ greatly from normal map configura
tions. 

The functional significance of the seg:nent 
classes cannot be deduced from their fo,mal 
aspects. Viewing a segment as a manifestation of 
an ongoing brain processing step or processing 
mode, one might speculate that the duration of 
individual 'thought packages' or 'atoms of mind" 
are indicated by segment durations. Possibly. the 
putative time for conscious experience ( Li bet 1982) 
may be operationalized for spontaneous thoughts ·. 
by EEG segmentation. It is conceptually im
portant that about 25% of the analysis time in our 
data was covered by segments which lasted longer 
than 500 msec: this is the minimal duration of 
stimulation for conscious experience if stimuli are 
applied at an intensity. below which no sens::ition 
at all is possible (Libel 1982). Related time spans 
have been reported for switching of attention 
(Reeves and Sperling 1986: 400 msec). for effec
tive times of leading visual masks (DiLollo 1980. 
Fig. 7: over 160 msec), and for maximal inter
stimulus intervals compatible with continuous 
stereo percepts (W. Skrandics, pers. commun.: 250 
msec) and with backward masking of visual targets 
(Michaels and Turvey 1979, Fig. 13: over 200 
msec). This also suggests that functions which arc 
manifest in early components of evoked potentials 
might not qualify for conscious expt:riencc be
cause of their short durations. 

Approved For Release 2003/04/18: CIA-RDP96-00789R.003100030001-4 



I 
Approved For Release 2003/04/18 : CIA-RDP96-00789R003~ 00030001-4 

ThL· ide;tlistic g\ial of ;1daptive time :--cg.111c11-
1;1tin11 pf hrain ckctrical field:,, is the rcn1)!.11iti1111 
11f homtigene\lUS ha sic hu i ldi ng. hi Pd s of hr;1 in 
inform;1tion procc%ing. the micro ~tale:-- which 
constitute the 'atoms' of hrain activity. The llH\

mentary hrain miero slate as global entity is wn
ceived lo consist nf the slates of the numerou~ 
rarallel. automatic brain processes and nf the 
~late of the brain's limited capacity _channel tif 
controlled processing (eonseiousness). MoJe of in
formation processing (possibly relateJ to ·carrid 
and including · housekeeping' L:onditions). step \lf 
information processing and information content. 
however. have to be considered in such concepts. 
since expectedly all of these arc manifest in the 
momentary brain electrical field. This expectation 
can be extrapolated from studies which examined 
EEG epochs in the range of a few seconds and 
reported different EEG characteristics for many 
psychological measures (e.g .. l:lerkhout et al. 1969: 
Koukkou and Lehmann 1976: Antrobus 1978: 
Ehrlichman and Wicner 1980: Lehmann ct al. 
1981 ). even though very few rneasu res were ex
amined in any one given study. 

We would like to propose the adaptively <.le
termined segments of stationary spatial character 
as a unifying concept for event-related anJ spon
taneous, EEG analysis. Space-oriented adapli\'c 
segmentation of event-relateJ potential data as a 
polarity-considering version ( Lehmann and 
Skrandies 1984) of the: present strategy has been 
applied successfully to questions in cognitive psy
chophysiology (Brandeis and Lehmann 1986). 
Certain classes of spontaneously occurring seg
ments might have a, map configuration which is 
similar to that of event-related segments ('compo
nents') of known significance (example Fig. 16 in 
Lehmann and Skrandies 1984) and thus might he 
ascribed a putative. testable functional signifi
canee during ongoing EEG activity. In addition. 
we expect Iha! the study of miL:n> states leads to ;1 
deepencu understanding of EEG phe1wmcnolog:,. 

More information lln the functional signifi
cance of the different lllicro stales which arc 
nwnifest as classes of EE(i seg,nc:nts L·an he ex
pected from varitHJS tyre:--11f expair11e11ts. Possible 
rhysiological variables include event-r1.·lated 
roicntial data who,,..: Jiffcring configuralil111s in 

! 
!. 

I), 1.1:111\1,\N:' t,,'J ,\l., 

re:-r1insc lll rlp:tili\'l' stimuli even during. sl111r1 
rcc,,rding cr11ch~ (Zcrlin andl D;1vis 1 %7) might 
tkpenJ on 1he nHlillent;1ry ma~-dcfined micr1l st;ilc 
;11 stimulus ;1rrival. as suggeslfU hy single-ch;11111d 
re.,ults of 1'.me sl!r_ies-ddined j~egmcnts (e.g., Ci_;11h 
et al. J 9li): Halasz ct al. 985). As I\\ 1111cro 
state-relall:u hehavitlr;il varia~lcs. we found in ;1 
recent (unpublished) study ot 8 normal :,,uhj~1.·ts 
significant differl!nces in scle4tive motor re;1ct1tlll 
1 i me depending on the momJ,n tary segment l'i ass 
at ~timulus delivery: the subj~cts had to respond 
to the rare, high pitch tone s~imuli which at ran
dom rc:pl:.iced some of the lowtr pitch tone stimuli 
which were presented in a reg;ular series ('oddball 
parJdigm'), during spontaneoysly varying segment 
classes; each subject response~ to 337 rare stimuli: 
ova subjects. there were sirpilar differences in 
rea.:tion time for the 26 diffetjcnt segment classes 
which occurred in all subjects jFriedman A?\OVA 
x~ -W.6. Jf = 25. P < 0.025). y\nothcr behavioral 
variabk might he different tyRes of private. spon
taneous experiences. which l~ained subjects can 
report as brief statements upo~ a sign;ii presented 
in different micro states. The· jspcculafon be per
miued that psychotic disturhajnces of brain func
tioning might be manifest as µn aberrant mosaic 
of the micro \l:Jtes. i.e .. as Jherrnnt occurrence 
frclluency or sc4uence or dura\ion of the dificrent 
segment classes. 

Appendix 

G!uhal field f]{J\\'l'T uf a map 
Compute the N-weighted st,111<.lard deviation of 

the voltages measured at all dectrodes vs. one of 
the N electrodes (Lehmann anid Skrandies 1980): 

\ 

[ 

] n ']
1

' \ gJ(lh;tl field power = - [ ( u - u )" 
~ 11 , , .. I 

(forrnul:i l) 

where n i., the nurnher of elcct~oJes on the sL';ilr. 
u, i, the voll:1ge at electrode i.j and u is the llll'an 
\'oltac.c: of tht: n clcctrodt:s (this lllcan volt:1!!«: i, 
the ,,irtual. :--<H.:;tllcd average rdference), ~ 

'J he value is zero for a comrbely flat field. and 
rise~ with incrc;1sing hilliness ot relief of lhl' fil'ld, 
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Clohal dissi111ilarity of maps 
Compute the standard deviation of the volt:1gcs 

al each electrode over all maps (=compute mean 
map and the S.D.s at. all electrodes) using the 
average rdcrencc; sum the standard deviations 
over :ill electrodes; divide by the number of elec
trodes (Lehmann and Skrandics 1980): 

global dissimilarity= - I: - I: (v,J - v, r I n [ 1 
111 'lo.~ 

ni-1 mj-1 

(formula 2) 

where n = the number of electrodes. m = the num
ber of maps. vij is the voltage at electrode i vs. the 

average reference in map j, and v; = J... I:f-1 vij 
m 

(the mean voltage over all m maps at electrode i 
vs. the average reference). 

(For m = 2 maps, simply compute the root of 
the sum (divided by 2) of the squared voltage 
differences (using the average reference) over all 
electrodes; divide by the number of electrodes): 

If dissimilarity of configuration between maps 
is to be assessed excluding influences of relief 
magnitude, the maps must first be scaled to unity 
global field. power, or ranks of voltages must be 
used. .·. 

The value is zero for completely identical maps. 
and rises with increasing dissimilarity between 
maps. 

Tnc authors wish lo thank D. Brandeis. M. Koukkou. G. 
Ponte. W. Skrandies and two anonymous reviewers for helpful 
criticism. G. Simon ror advice on digital filtering. and R. 
Muller for collaboration during the data collection. 
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VI PHYSICS 

The papers in this section provide plausibility arguments for a number of potential theoretical models 

of anomalous mental phenomena. 

The number that appears in the upper right-hand corner of the first page for each publication is keyed 

to the following descriptions: 

25. Tipler, F. J., "Rotating Cylinders and the Possibility of Global Causality Violation," Physical 
Review D, Vol. 9, No. 8, pp. 2203-2206, (April, 1974). The precognition data suggests that causality 
must be stochastic to avoid the classic problems such as redundant histories. This paper is a 
teclmical general relativity argument that shows that under extreme circumstances, causality may 
be violated. 

26. Morris, M. S., Thorne, K. S., and Yurtsever, U., "Wormholes, Tlme Machines, and the Weak 
Energy Condition," Physical Review Letters, Vol. 61, No. 13, pp. 1446-1449, (September, 1988). 
Whereas paper number 25 suggests extreme conditions for possible causality violation, this one 
demonstrates that time travel may be possible under relatively normal conditions. Morris et. al. 
find they must allow casualty to be stochastic to maintain the validity of the Einstein field 
equations. 

27. Redmount, I., "Wormholes, Time '!ravel and Quantum Gravity," New Scientist, p. 57, (April, 
1990). In a non-technical article, Redmount describes how current relativity models might allow 
for realizable time travel. He, too, must invoke a statistical nature for causality. 

28. Misra, B. and Sudarshan, E. C. G., "The Zeno's Paradox in Quantum Theory,'' Journal of 
Mathematical Physics, Vol. 18, No. 4, pp.756-763, (April, 1977). In an important paper in the 
modern development of quantum theory, Misra and Sudarshan point out that under certain 
circumstances, physical systems might behave considerable different under "observation" than 
they do when unobserved. This physics speculation contains implications for anomalous 
perturbation. 

29. Aharonov, Y. and Vardi, M., "Meaning of an Individual 'Feynman Path,"' Physical Review D, Vol. 
21, No. 8, pp. 2235-2240, (April, 1980). This theoretical paper extends the concepts from Misra 
and Sudarshan by showing that under continuous observations a physical system conforms to the 
implications of the measuring system rather than to the physical laws usually governing its 
behavior. 

30. Aharonov, Y. and Bohm, D., "Significance of Electromagnetic Potentials in the Quantum 
Theory," The Physical Review, Second Series, Vol. 115, No. 3, pp. 485-491, (August, 1959). One 
promising possible approach to understanding the transmission characteristics of anomalous 
mental phenomena is the vector and scalar potentials of the standard electromagnetic theory. 
This is the initial paper that theoretically showed that these special potentials are not just 
mathematical improvements, but rather are physically measurable. 
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Rotating cylinders a1~~ the:p·~{~ii}Sity of global causality violation* 

Frank J. Tipler 
Departme11t of Physics and Astronomy, University of Marylr.nd, Col!ege Park, Maryland 20742 

(Received 6 November 1973) 

In 1936 van Stockum solved the Einstein equations Gµ,. = -i',;;T µv ior the gravitational field of a 
rapidly rotating in.finite cylinder. It is shown that such a field violates causality, in the sense 
that it allows a closed timelike line to connect any two events in sµacctime. This suggests that 
a finite rotating cylinder would also adt as a time machine. 

Sinci; the wo;k ofJiawkfrig and Penrose, 1 it has nontrivial CTL. though the region of causality •,i-
become accept_ed that .. pta.ssical general relativity olation is conitnect within an event horizon; cat:sal-
predicts some sort of° pathological behavior.·· How-- ity violation from this source could never be oo-
ever, the exac_t. nat~re .. of Uie. patho1cigy is und.er ·. served by terrestrial physicists. 9 In addition, 
intense debate..atpres~nt, primarily because so- since the CTL must thread their way through~ re-
lutions to the fieJd ·iq~~fo.n~ . .' 9a!1. ~e· found which ex- gion near the singularity, it is quite possible that 
hibit virtually ,Wly.typ~,9.f..l:ii.zar're behavi.or. 2

•
3 It matter of a collapsing star will replace this re-

is thus of ut~~ iµ1~~~"£:i.~~.f~.-ts,:kno\lw'.1at types of gion, as matter replaces the past horizon in the 
pathologies mi~-~e expe'ct¢d t9 occur in actual: case of spherica~ collapse. 10 The final Kerr field 
physfoal sJtuati;;;:.:· ,01).e 'o(these· j:Jat.hologies is with collapsed star could be causally well behaved, 

' causalitr vlolatio:;;·:.a~d fo 'th1s P.~~i" f sliali argue so the CTL palriology might still be eliminatec. 
that if we make,!..;~ assumptions' 'c:o·ncerning th·~ be- from genera! relativity's physical solutions. . . ... ) . . .· .. ;· .. 
haYi.o:r. r,,f m.i.ti:_erlu1q,n,,a,_n).f.9W .. ~~:,ial i~ general rel- :1 doubt this, because nontrivial causality vic'.3.-
2/dvity, then it;,sh{w.l..d bo po,~isftilii ·in pi-inclple· fo tibn also occurs in the field generated by a rapidly 
set np (<l'j exp.?~,i.1ieri(i..ri\yl)tch fuiipart'icrifa:r pa- rotating infinite cylinder. 

. .. . . ~ ,,, : ~ -~. :-•. .:-t .. 
thology .could)J~_.obJ3.exv.ed...... .· . .' ·: .. ·- · The field of such a cylinde_r in which the centrif-

B0cl1.u1;e g€1J·e~~:~·;,fattidty.:l's a··i~c'a:.i iHJo:ry wiih ti.gal forces are balanced by gravitational attraction 
11.0 a prio;.,i r·~?,~r~~tiqr1~,:~·~:·:Q1'e_glooaT\bpt/logy~" . was discovered PY. van Stockum in 1936. 11 The 
causality violatio·n c·a~ 'ti/lntrodtic·~tr' fiih:J°"'s6fotions· .' · •metric is. expressed in Weyl-Papapetrou form: 
qu!tt, en~ily bys:i;:~~41{icn1i/6h6tdes ~h~l)ofogy/for· (n 
e:;;amJ.~(.l, we c·oui,(~~s_imffoaftfie 'ti/riih.ikitcoor~. · 'ds

2 
=H(dr

2 
+riz

2
) +La<p

2 
+2Afdcpdt-Fdt

2
, -, 

ci:1.nate in th&.M!...1*<?Y!!;i~t)nifric \ii'. J.)~rio'dic; 'Or we .... where z me~1:!\.lfeS distance along the cylinder axis, 
coulo make :,1:0{\w.J-igfr,.;id,inWic~·tioh.s· ,in Refssner:..; : · .. r is ·the radial ·distance from the axis, If) is the an-

. Nordstrom ~Jl<'-P.e--4 _.Ip J:iotti 'of'tlie~e'-c:a:§es the cau..:· · . gle coordinate, and tis required to be timelike :;.t 

: sality violatiq~-\~¥:.s: ~~}C?~lfl 0~ s~i~.~~.?-1:1~11ke . r = 0. (-« < z <co'· _ci<: < "", 0 .;; cp .;; 211, -, < t <.,,.) 
, lines (CTL), .. 'J1?%'?;h•r-..f:~: @J.btP.}\Rtop1fto zero; and· '' The metric tensor is a function of r alone, and l11e 

· those noed ~?t\l.~t,µo·:~i9.'i·(ies· 'sfiif~ ·~:¥.,. c·~ be re- coordinate condition FL+ M2 =r 2 has been imposed 
moyed by re.il!~FP.r,eJ~~~J~e, mettle in, a· ¢6-v·ering (units G =c = 1 ). 
spa.co {follqW..~,~-'~arte.~/,~n;.:i:., re~p_va!Jle ?1 such It is clear that since g=detgµv=-r 2 Il 2 ia rioga-
me&m.1 will ~-,~~J..edJ.i:'j,v,i;i.1.~ql:J'.le'rs_ will be called tive, the metric signature is(+++-) for all r>O, 
nontrivial).;;;;:,·:·, :··;: ::, ·: .. "· .:;::.-;:,.~·::.:.·'. ·.·.:.·. provided H¢0. van St~ckuin assumes the Einstein 

rn 1949, h~y~f;,, §c\(.)_16.;g~l'itov_ered ·a· solution equations 
tl) the Uelcl-,~uati.qns wltJ-i.' nonzero cbsmologic'al 
constant that ~_p;bl.i;j~9'i10ntrjvi_a.l .CTL: . Still, it 
could 1•e argue.d)h~t.'th.tGBdei :s'olution is without 
physical signv.!c.a'.nc.~:··.::si~~~ ·if corresponds to a 
rotating, statlona.ry .. q·os·mology,. wher·eas the actual 
universe is expanding and apparently nonrotating. 

Th€: low·-,angular-momentum Kerr field, on the 
other hand, cannot be claimed to be without physi
cal relevance: It appears to be the unique final 
state of gravitational collapse,7 and so Kerr black 
holes probably exlst somewh<ire, possibly in the 
center of olir galaxy.~ This field also contains 

\ 

where p is the particle mass density. Also 

dr dz -=-.:0 
ds ds ' 

dCf)/dt -:-- - = constant 
as ds ' 

T =T~; = -D 

9 · 2203 
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(particle paths required to be timelike). 
In a frame in which the matter is at rest, the 

equations give for the interior field 

H=e-'
2

'\ L=r 2 (1-a 2 r 2
), p=4a 2 e02 '2, 

M=ar 2
, F=l, 

where a is the angular velocity of the cylinder. 
For r > 1/a, the lines. r = constant, t = constant, 

(2) 

z = constant are CTL (in fact, by a theorem due to 
Carter,5 nontrivial CTL can be found which inter
sect any two events in the manifold), but one could 
hope that the causality violation could be elimi·
nated by requiring the boundary of the cylinder to 
be at r =R < 1/a. Here the interior solution would 
be joined to an exterior solution which would be 
(hopefully) causally well beha\'ed; indeed, the re
sulting upper bound to the "velocity" aR would 
equal· 1, the speed of light in our units (though the 
orbits of the particles creating the field are time
like for all r). 

van Stockum has developed a procedure which 
generates an exterior solution for all aR > 0. When 
0 <aR <t, the exterior solution is 

_R_r_s_inh~( 3_E_+_8~) 
L = 2 sinh2E coshE ' 

M = r sinh(E + 8) 
sinh2E ' 

rsinh(E - 8) 
F = -R-s1~'nh_E_' 

#..,. •• 

with 

() = (1 - 4a2 R2)112 ln(r:/R), 

E =tanh-1(l - 4a2 R2)112. 

For aR =t. 
H=e-1H(r/Ri-112, 

·L =tRr{ 3 +ln(r/R)], 

M =tr[ 1 +ln(r/R)], 

F=(r/R)[ 1-ln(r/R)]. 

For aR>t, 

H=e-•2R\r/Rr2a21t2' 

L = Rr sin(3,B +y) 
2 sin2.B cos{, ' 

M = r sin(f'J +y) 
sin2.B ' • 

F = r sin(f'J - y) 
R sinB ' 

with \ 

\ . 

(3a) 

(3b) 

(3c) 

y=:(4a2 R2 -1) 11~ln(r/R), 

13 =tan-1(4a2 R2 -1)112 

[as in t,e interior solution, FL+M 2 =r2, so the 
metriclsignature is(+++-) for R ,;r< 00 ]. 

We s~e that causality violation is avoided for 
I 

aR,:; ±.i but Carter's theorem tells us that it is 
possible to connect any two events by nontri\'ial 
CTL w'hen aR > t. 

Ther!e are several objections to be met before 
this r~sult can be interpreted physically. First c 
all, E4s. (3), which van Stockum derived by as
sumini a special functional form for the gµv, 
might pot be the only candidates for the exterior 
field; r is known, for instance, that the gravita
tional ~:eld (3a) is static 12 in the sense that a 
"trans~ormation" of the form 

i 
t 't At +Bcp, A, B, C, D constants 

( 4 
cp I= Ct+ Dcp 

I 

will ei::1inate the g,;1 component. [Transformati 
is pla¢ed in quotes since t' is a periodic coordi
nate: it'= t '+B21f. Interpreted globally, the new 
metri{ covers a manifold with topology 

S2 ~ (half plane) . 
I 

We cah return to the original topology by taking : 
cover(ng space, an operation which is not equiva 
lent tq changing a coordinate system.] 

Forr_:.ately, it is easy to prove that (3) are the 
only wssible exterior fields for a rotating infini: 
cylin~er. Levy and Robinson 13 have shown that L 
this Cf:• the Weyl-Papape_trou metric can be 
writt8in lmodulo ( 4)1 in the form 

I 

d~2 = -e 2w (dt + adcp 'f + if(k-vl (dr 2 + dz 2 ) 

· J +r2e-2wacp2' . 

wher~ u, a, k are functions of r only. A pro~edUJ 
devel¢ped by Davies and Caplanu and myself al
lows *1e equations R µv = 0 to be integrated; the s 
lutio$ are equivalent to (3). (Details of the 
uniqutness proof can be found in the Appendix.) 

Sin9e the causality problems come from the si 
nusoi~ factors of (3c), we might hope to'avoid 
theseifactors by "transforming" (3a) via (4) and 
then ~ttempting to join the interior field to the 
"new•i (topologically distinct) field. l::lut the 
"tranrformation" (4) will not change the exponer 
of r, 1which for aR > t become imaginary-in fac 
for ak>i, (3a) is (3c) with the substitutions e: =1 

and el= iy. 
Th9s we expect causality violation to occur in 

the xtjatter-free space surrounding a rapidly rot 
ing iq.finite cylinder. As Thorne 15 has et'nphasiz 
howei-cr, it is risky to claim that the prcpertie: 
of su~h a cylinder also hold for realistic cylindE 
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In addition to the already mentioned static nature 
of the field, there is the fact that it is not even 
asymptotically Min},owskian (especially when aR 
> t ). Still, the graYitational potential of the cylin
der's Newtonian analog also diverges at radial in
finity, yet this potential is a good approximation 
near the surface in the middle of a long but finite 
cylinder, and if we shrink the rotating cylinder 
down to a "ring" sir.gularity, we end up with the 
Kerr field, which also has CTL. These facts sug
gest that there is a region near the surface of a 
finite cylinder where g,,,, becomes negative, im
plying causality vio:ation. 

Since H*-0 for r i 0, there are no event horizons 
around the infirJte cylinder. By analogy with the 
static case, 16 I expect this to be true for a finite . 
cylinder; if so, then a timelike line from any 
event in the universe could enter the region where 
g.,,; is negative and return to any other event. 17 

In short, general relativity suggests that if we 
construct a sufficiently large rotating cylinder, 
w.e create a time machine. 

I would like to thank Dr. D. Schmidt for helpful 
discussions, and Professor D. R. Brill for reading 
the manuscript. 

AP'i'ENDIX: PROOF THAT YAN STOCKUM'S EXTERiOR 
SOLUTIONS (3) ARE THE ONLY POSSIBLE 

EXTERIOR FIELDS FOR AN INFINITE 
ROTATING CYLINDER 

Davies and Caplan have shown 14 that the field 
equations R µv = 0 for the Levy-Robi~son metric 
[Eq. (5 )] reduce to .,... .. 

d 
2u 1 du . e"' ( da ) 2 

dr 2 + :;: dr + 2r 2 dr = O ' (Al) 

d 2a_lda+ 4 da du_ 0 
dr. 2 r dr dr dr ' 

(A2) 

2 dk _ 2 ( du )
2 

: 1 e4" ( da )
2 

_ 0 
r dr dr 2r 2 dr · 

(A3) 

We have three coupled equations for three func
tions: second order in u, second order in a, first 
order ink. Thus we expect five arbitrary con
stants. A general physical solution to the above 
system will be defined to be a set of functions 
a, u, k in which the five constants are allowed to 
assume all real. values from -«> to co, I will show 
that this general solution is given by Eqs. (3a)-
(3c). ' 

Equation (A2) can be written 

r .E... ( .!e4
" da) =0. 

dr r dr, · 

. Thus (1/r)e~" da(dr = 2_w (where w is a constant). 
Substituting thif into (A 1 ), we ·obtain 

d 2u 1 du 2 2 -4• 0 
dr 2 + :;:- dr + w e = · (A4} 

Suppose first that w = 0. Then a little manipulation 
yields 

u=A(lnr)+B, k=A 2 (lnr)+C, a=D, 

where A, B, C, D are constants. 
Bythetransformationt=l'-arp, rp=cp', z=z', 

r =r', we discover that except for global topology 
this solution is just the Weyl solution (3a). 

Suppose now that w * 0. It is at this point that 
Davies and Caplan err; their "general" solution in 
fact places implicit restrictions on the value of 
their constant A. The complete general solution is 
obtained via the following procedure. Let v = e-<>, 

P = (wr)2, so that u = -t ln(v), and d/dr 
=2w2r(d/dp), which gives 

du 1 dv 
- =---2w 2r 
dr 4v dp · 

Equation (A4) becomes 

~ _£_ (r du) + 2w2e-4" 
r dr dr 

= 2w2r ..E... (- 2w2r2 dv) +2w2v = 0 
r dp 4v dp 

or 

.E... ( E. dv ) - 2v = 0 
dp V dp • (A5) 

Letw=pv, givingdv/dp=v'=w'/p-w/p 2
• (A5)be

comes 

~(Pw')_2w=O. 
dp w p . 

Let t =ln(p), d/dp = (1/p)d/dt. (A6) becomes 

d~(:)-2w=0. 

(A6) 

(A7) 

Let Q = ;=dw /dt, d/dt = (Q)d/dw. (A 7) becomes 

d ( Q) . Q- - -2w=O 
dw w 

or 

~(9.)-2 ~=0. 
dw w Q 

Thus 

or 

(Q/wr =4w±A 2
, 

which can be written 
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(A8) 

The next integral depends on the sign choice in 
(A8). First choose the + sign. Then performing 
the integration, we obtain 

1 [(4w+A
2

)
112

-AJ 1 
A 1n (4w+A2)112+A =lnp+ AlnB. 

[The constant of integration (1/A)lnB has values 
from-«> to«>, though O<B<"'.] This Gan be in
verted (aiter the appropriate substitutions are 
made) to give · 

_!_ · [(l-wur 2.-1s):J 
u- 4 ln A2(wr)2.-1-2B ' 

which is identical to Eq. (2.3) of Davies and Caplan 
(in Ref. 14). The computation proceeds as they 
outline to obtain k and a. Frehland 14 .has shown 
that this solution is the same as the Weyl solution 

-. _(3a). 

Suppose now that A= 0. We get 

*Work supported in part by the Kational Science Foun-
dation under Grant No. GP-25548. 
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' 

g\ =g = Fr-112 f I TT 1 

g~ 1 = -r(l - Ew lnw 2
1·

2D2
), 

I 0 gJ1 = wr ln(w 2r 2D2
), 

g~v =-rE(2 +Ew lnw
2r 2D2

), 
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! l 
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z.cl, rr J 
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g\l')=r{ sin[ln(w.-1r.-1)+C] 

I +D cos[ ln(:J/rA) +cl}. 
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lt is argued that, if the laws of physics permit an advanced civilization to create and maintain a 
wo~mhole in space for interstellar travel, then that wormhole can be converted into a ti::ie machine with 
which causality might be violatable. Whether wormholes can be created and maintai~cd entails deep, 
ill-understood issues about cosmic censorship, quantum gravity, and quantum field thco:-y, including the 
question of whether field theory enforces an averaged version of the weak energy conditiJn. 

PACS numbers: 04.60.+n, 03.70.+I:., 04.20.Cv 

Normally theoretical physicists ask, "What are the 
laws of physics?" and/or, "What do those laws predict 
about the Universe?" In this Letter we ask, instead, 
"What constraints do the laws of physics place on the ac
tivities of an arbitrarily advanced civilization?" This 
will lead to some intriguing queries about the laws them-
selves. . 

We begin by asking whether the laws of physics per
mit an arbitrarily advanced civilization to construct and 
maintain wormholes for interstellar travel. Such a 
wormhole is a short "handle" in the topology of space, 
which links widely separated regions of the Universe 
(Fig. l ). The Schwarzschild metric, with an appropriate 
choice of topology, describes such a w_ormhole. 1•2 How
ever, the Schwarzschild wormhole's horizon prevents 
two-way travel, and its throat pinches off so quickly that 
it cannot be traver"sed in even one direction. 2·3 To 
prevent pinchofi (singularities) and horizons, one must 
thread the throat with nonzero stress and energy. 4 One 
then faces two questions: (i) Does quantum field theory 
permit the kind of stress-energy tensor that is required to 
maintain a two-way-traversible wormhole? (ii) Do the 
laws of physics permit the creation of wormholes in a 
universe whose spatial sections initially are simply con
nected? These questions take on added importance when 
one recognizes (see below) that, if the laws of physics 
permit traversible wormholes, then they probably also 
permit such a wormhole to be transformed into a "time 
machine" with which causality might be violatable. In 
the remainder of this Letter we discuss in turn the 
creation of wormholes, their maintenance by quantum
field-theoretic stress-energy tensors, and their conversion 

FIG. I. A wonnhole'and.the external universe at a specific 
moment of time, embedded in a fictitious higher-dimensional 
spa~. 

into time machines. 
Wormhole creation.- Wormhole creation, with such 

mild spacetime curvature that classical general relativity 
is everywhere valid, must be accompanied by closed 
timelike curves and/or a noncontinuous choice of the fu. 
ture light cone,5 and also by a violation of the "weak en
ergy condition." 6 Specific space times with such worm
hole creation are known. 7 However, it is not known 
whether the stress-energy te~.sors required by the Ein
stein equations in those spa~times are permitted by 
quantum field theory. 

Wormhole creation accom;ianied by extremely large 
spacetime curvatures would be governed by the laws of 
quantum gravity. A seemingly plausible scenario entails 
quantum foam 1•

8 [finite probability amplitudes for a 
variety of topologies on length scales of order of the 
Planck-Wheeler length, (Gt:./c3) 1' 2-1.3x10- 33 cm]: 
One can imagine an advanced civilization pulling a 
wormhole out of the quantum foam and enlarging it to 
classical size. This might be analyzable by techniques 
now being developed for computation of spontaneous 
wormhole production by quantum tunneling. 9 

Wormhole maintenance.-For any traversible worm
hole a two-sphere surrounding one mouth (but well out
side it where spacetime is nearly flat), as seen through 
the wormhole from the other mouth, is an outer trapped 
surface. This implies 10 (since there is no event horizon) 
that the wormhole's stress-energy tensor Tafl must violate 
the averaged weak energy condition 11• (A WEC); i.e., 
passing through the wormhole there must be null geo
desics, with tangent vectors k0 -dx"/d(, along which 
f 0Tafl-k0 k"ds < 0. (Our conventions are those of Ref. 
2.) Thus, if one could show that quantum field theory 
forbids violations of A WEC, one could rule out advanced 
civilizations maintaining traversible wormholes. 

Specialize to a static, spherical wormhole, with space
time metric~ 

ds 2 - -e 24>dt 2+dl 2 + r 2(de2 +sin 28d¢ 2
), 

where <l> and r are functions of proper radial distance /. 
Set I -0 at the throat (/ < 0 on the "left" side of the 
throat and / > 0 on the "right" side). Far from the 

1446 A d F R 1 · C) 1288 The American Physical Society 
pprove or. e ease 2003/~/18: ~IA-RuP96-00789R003100030001-4 

" • 



' ' ' ' i 
VOLUME61, NUMBERl3 PHYSlCAL REVIEW LETTE~S 26 SEPTEMBER 1988 

A r. ed For R~lec\se 2003/04/18: CIA".'RDP96-00789R003~00030001 4 
throat, f::B19Y--Mln(l/i/ro) and ¢:=!!-2M/ll.l. \ T 
where M is the wormhole's mass. As I increases from ! I: :1-_ ,~2 
- = to 0, r decreases monotonically to a minimum value l . 11 

r0, the throat's "radius"; and as I increases onward to Ca-.:cn H . 16 : •, .·. 10 
, om n t' . . + oo, r increases monotonically. ¢ is everywhere finite , , . . . , ~ 

(no horizons). for such a wormhole, A WEC is violated · >~'·.'\!'-. }: \: . : , /, 
on radial null geodesics, and its violation can be ex- · ... ~)\\z. • 1 / 9 ? , 
pressed as Jt

1
(r-p)e-¢,dl>O for any /1<0. Here p Caustic---:::j:;-,,j\ ·j .' '// 

and r are the energy density and radial tension, p-e 2
¢, \ ''~o i 1 .· ;,:/ // 

x T11, r - - T11, and the affine parameter is r-Je ¢> di. · i g> '/ / ., I :'. / 
The following model explores the use of the "Casimir \ a ·· / 

vacuum" 12 (a quantum state of the electromagnetic field ·\; 7 

that violates the unaveraged weak energy condition 11
) to 

! 5 
support.a wormhole: At I - ± s/2, we place two identi- 1 

4 
cal, perfectly conducting spherical plates with equal elec- \ 3 
tric charges Q; we require s « ro; and we carry out our I 2 

. analysis only up to fractional errors of order s/ro. Be- I 1 : · / 

tween the plates the electromagnetic field is in the ~L •D 

Casimir vacuum state for which p, r, and the lateral · I 
----z 

pressurep=T 9e-T',are 13 FIG. 2. Spaceti~c diagram for conversion of a wormhole 

r- 3p - - 3p - (3,r2/720)(h/s 4) = re. into a time machin4. 

Outside the plat~s is a classical, radial Coulomb field \ 
with r-p-p -Q 2/8.1rr\ which produces a Reissner- parametrized by~ t'ime coordinate I introduced below. 
Nordstrom spacetime geometry. 2 Force balance at the At T-0, the wlprmhole's mouths are at rest near each 
plates requires Q - (811:rt re) 112

• The Einstein field equa- other. Subsequerttly, the left mouth remains at rest 
tions can then be satisfied throughout if4 (i) re while the right Jouth accelerates to near-light speed, 
- (81rr6) - 1, so that s - (11:3 /30) l/ 4 (r 0-Jfi) 112 [s -10- 10 then reverses its rhotion and returns to its original loca-
cm for ro - (distance from Sun to Earth)]; . (ii) the tion. The advancbd beings can produce this motion by 
wonnhole's charge Q and mass M, as measured by dis- pulling on the rigtjt mouth gravitationally or electrically. 
tant observers, are both equal to r 0 (aside from fraction· This motion causts the right mouth to "age" less than 
al corrections -:Ss/r0 ); and (iii) the energy per unit area the left as seen fr~m the exterior. Consequ~ntly, at late 
a of each plate is such as to violate AWEC: 2a < r -res, times by traversinlg the wormhole from right mouth to 
or more precisely r res - 2a > 0( -res2/r 0). left, one can tratel backward in time (i.e., one can 

This violation of A WEC is compatible with a total traverse a closed \imelike c~rve) and thereby, perhaps, 
nonnegative energy of plates plus Casimir field, 2a+ ps violate causality. J 
-2a- t res~ 0. However, if quantum field theory re- The metric insi1e the accelerating wonnhole and out-
quires that the plates' mass-to-charge ratios exceed that side but near its m?uths is 
of an electron, 411:r(Ja/Q > m/e, then 2a < t res corre· \ · 
sponds to a plate separation smaller than the electron ds 2 - - (I+ glF'4se) 2e 2¢>dt 2+dl 2+ r 2(de 2+sin 28d¢ 2). 

Compton wavelength, , 

s < [(,r 3/270)e 2/h] 112h/m -0.029h/m, 

which might well be forbidden. To detennine whether 
a< t -res is allowed would require· explicit study of 
quantum-field-theory models for the plates (a task we 
have not attempted) or a general theorem that quantum 
field theory forbids violations of A WEC. 

Conversion of wormhole into time machine.- Figure 
2 is a spacetime diagr~m for the conversion of a spheri
cal, traversible wonnhole into a ti111e machine. Shown 
unstippled is the nearly flat spacetime outside the worm
hole, with Lorentz coordinates T,Z (shown) and X,Y 
(suppressed). Shown stippled is the wormhole interior, 
i.e., the region of large spacetime curvature. The central 

·.lines of the stippled strips are the wormhole throat, 

Here¢-<?>(/) and\ r-r(/) are the same functions as for 
the original, static\wormhole; F-F(/) is a fonn factor 
that vanishes in thf left half of the wormhole I ::5 0, and 
rises smoothly from O to I as one moves rightward from 
the throat to the tight mouth; and g - g(t) is the ac
celeration of the tight mouth as measured in its own 
asymptotic rest frJme. Just outside the right and left 
mouths the transf4rmation from wormhole coordinates 
to external, Lore~tz coordinates (with ds 2

~ -dT 2 

+dX 2 +dY 2 +dZ 20 is T-TR+vrlcos8, Z-ZR+rl 
xcos8, X-lsine~'.s¢, Y-lsin8sin¢; T-r, z-zl +I 
xcos8, X-lsin8 ,s¢, Y-lsin8sinf Here ZL is the 
time-independent location of the left mouth's center; 
'Z-ZR(t),T-TR() is the world line of the right 
mouth's center with\ dr 2 -dT} -dZl u(t) =dZR/dTR is 
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the velocity of the right mouth; and y(t) = (l -v 2) - 112• in fact, that the Cauchy horizon is fully stable and thus 
The acceleration appearing in the wormhole metric is constitutes a counterexample to the conjecture of strong 
g(r)- y 2dt,/dt. The right mouth's maximum accelera- cosmic censorship.1~ 

tion gm,~ and the distance S through the wormhole from For Misner space 15 (as also for Taub-NUT space 10
•
16

) 

left mouth. to right must satisfy grnaxS « l, gm,x I dg/ the.extension of spacetime through the Cauchy horizon 
dt \ -I »S. This guarantees that with tiny fractional His not unique: In one extension all "leftward" causal 
changes of Ta/1, the wormhole's size and shape are held geodesics (those with initial rightward velocities less 
nearly constant throughout the acceleration. than a critical value) are well behaved, while all "right-

The region of spacetime containing closed timelike ward" causal geodesics terminate at Hafter finite affine 
curves is separated from that without such curves by a parameter; in another extension the rightward geodesics 
Cauchy horizon. One might have expected this Cauchy · are well behaved and the leftward tenninate. By analo-
horizon to be unstable (in accord with strong cosmic cen- gy, one might expect there to exist other extensions (be-
sorship 14). Indeed, in the analogous two-dimensional sides Fig. 2) of the 4D wormhole spacetime beyond H; 
(2D) Misner space 15 [obtainable from 2D Minkowskii one might even hope that in the real universe such a 
spacetime by identification of (T,Z)-(;,O) with (T,Z) wormhole would actually find and evolve into an exten-
-(y;,L- yt•n, where L>O, v>O, y-(I..:_v 2)- 112, sion (possibly nonanalytic) with no closed timelike 
and ; runs from - oo to L/rvl the Cauchy horizon H curves. However, because the set of spacetime geodesics 
[located at T- Z -L!(B - I) where B =(I+ v) 112/ that terminate on H is of "measure zero" Gt is a four-
(! - v) 112] is unstable. Rightward-propagating waves in parameter set compared to six parameters for generic 
Misner space get boosted in frequency by a factor B with geodisics), we suspect (provided His indeed stable) that 
each passage through the identification world line, and the extension beyond His uniquely that of Fig. 2. More 
they pass through it i-nfinitely many times as they ap· generally, we speculate that whenever a spacetime has a 
proach the Cauchy horizon, H. As a result, the stress- fully stable Cauchy horizon, its evolution through that 
energy tensor of such waves diverges at H-presumably horizon is unique. Similarly, we speculate (as has been 
thereby preventing the spacetime from evolving the suggested to us by Friedman 7) that in such a space time 
closed timelike curves that it otherwise would have physical fields, both quantum and classical, evolve 
beyond H. [This is the same instability as occurs at the through and beyond Hin unique ways.18 For example, if 
Misner hypersurface in Taub-NUT (Newman-Unti- initial data for a classical scalar field V' are specified at 
Tamburino) space. 10

·16) T-0 in the spacetime of Fig. 2, the resulting evolution 
In our 4D wormhole spacetime the Cauchy horizon H via Dljl-0 beyond H will exist and be unique. This is be-

seems not to suffer this particular instability. There H cause the set of causal geodesics to the future of H, 
possesses precisely one closed· null generator 1

7
: the C\JrYe which do not extend back through T-0, is of measure 

C in Fig. 2, which runs along the Z axis from left mouth zero Gs only a four-parameter set); and such geodesics 
to right mouth, through the throat, then along the Z axis experience an infinity of "diverging-lens" wormhole 
again. The remainder of H consists of null geodesics traversals as one follows them backward in local time to 
(very thin lines in Fig. 2) which peel off C to form a fu- points from which they· could carry unspecified initial 
ture light cone of the wormhole's left mouth (with caus- data. This makes us doubt that any "new " field ¥' can 
tics, where future-directed generators leave the horizon, propagate into the spacetime along them. 
along the Z axis to the left mouth and right of the right This wormhole spacetime may serve as a useful test 
mouth). The most likely place for the Misner-type insta- bed for ideas about causality, "free will," and the quan-
bility is on C. Indeed, a light ray (dashed curve of Fig. tum theory of measurement. As an infamous example, 
2), running along the Z axis before horizon formation, can an advanced being measure Schrodinger's cat to be 
gets Doppler shifted by the factor B with each traversal alive at an event P (thereby "collapsing its wave func-
through the wormhole; and it traverses the wormhole tion" onto a "live" state), then go backward in time via 
infinitely many times as it asymptotes to C. However, . the wormhole and kill the cat (collapse its wave function 
the wormhole's A WEC violation causes the throat to act onto a "dead" state) before it reaches P? 
like a diverging lens with focal length f=ro/2. Corre- For helpful discussions or correspondence, we thank 
spondingly, if D is th·e Z distance between wormhole Bruce Allen, Phillip Candelas, S. Chandrasekhar, Bryce 
mouths as measured along C, waves propagating along DeWitt, Sam Finn, John Friedman, Robert Geroch, Leo-
the dashed curve get reduced in amplitude by f/D nard Parker, Don Page, Nicolas Papastamatiou, Thomas 
==ro/2D with each round trip from left mouth to right Roman, Carl Sagan, and Robert Wald. One of us 
and through the wormhole. If the advanced beings ar- (K.S.T.) thanks the Departments of Physics and Astron-
range that (f / D )B < 1, the reduction in amplitude will omy and the Phenomenology Group of the University of 
dominate over the boost in frequency, thereby reducing Wisconsin at Madison for hospitality during this 
the wav<~ energy with ~~ch round trip and leaving t~e research. This work was supported in part by National 
Cauchy horizon immune to this instability. We suspect, Science Foundation Grant No. AST85-1491 l. 
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Wormholes, time travel and quantum gravity 
"Wormholes" in space and time have suddenly become a focus of attention. Large ones might be 

used as time machines; small ones may determine the values of all the constants of nature 

Ian Redmount 

T HE PAST few years 
have seen an explosion 
of interest in what 

theoretical physicists call 
.. wormholes". These are tun
nels in the geometry of spate 
and time, connecting other-
1,1,ise distant or completely 
disconnected regions of the 
Universe. In fact, there have 
been two explosions in two 
almost unrelated subjects. 
One is macroscopic worm
holes, the kind that science· 
fiction writers or sufficiently 
advanced civilisations might 
use for space travel across 
cosmic distances. The other is 
microscopic wormholes, on a 
s.cale 20 orders of magnitude 
smaller than an atomic nu
cleus. At this scale, space and 
time should obey the rules of 
quantum physics rather than 
classical laws. 

Neither type of wormhole 
is a new idea. Theorists have 
known about large-scale 
wormholes for more than 70 
years--since shortly after Albert Einstein put forward the 
general theory of relativity, which relates gravity to the 
geometry of sp·ace and time. For 30 years, physicists have 
conjectured that microscopic wormholes might play a crucial 
role in understanding the structure of elementary particles or 
in developing a quantum theory of gravity. Recently, however, 
researchers have found that both types of objects may have 
some remarkable, previously unsuspected properties. Large
scale wormholes could provide a relatively easy means of 
travelling backwards in time, with all the potential complica
tions that entails. Microscopic wormholes might, through their 
contribution to the quantum mechanics of the Universe, deter
mine the values of all the constants in all the laws of physics . 
.Much qf this wormhole work is speculative and some very 
controversial, but that is why these subjects have generated 
such excitement lately. 

Michael Morris and Ulvi Yurtsever, and their PhD thesis 
adviser Kip Thorne of the California Institute of Technology, 
began discovering new features of large-scale wormholes in 
1985. They were trying to flesh out the idea of using wormholes 
for interstellar spa~ travel, as described in Carl Sagan's novel 
Contact. What, they asked, do the known laws of physics 
require for such a thing to work? 
. A classical, large-scale wormhole is a solution of the field 
equations of Einstein's general theory of relativity, a geoinetry 
of space and time, or "space-time", in which two regions of the 
Universe are connected by a short, narrow "throat". The pest
known such geometry is the spherically symmetrical, matter
free solution discovered bf Karl Schwarzschild in 1916. A 
p<;>rtion of this solution, bmitting -one of the ex!erior regions 
~ ... rl th.o ,hrn")f <'PM"'"' t,, rtPc-rrih,., rht' c:n~rP-t1mp, ::irn11ncl ~ 

spherical, non-rotating star, 
planet, or other object. A 
slightly larger portion de
scribes a non-rotating, elec
trically neutral black hole . 
But neither of these objects 
connects distant regions of 
the Universe. Only the full 
wormhole geometry does 
that (see Figure 1). 

Figure 1 is deceiving, how
ever. The wormhole shown is 
not a static structure; it repre
sents the shape of space at the 
single instant of maximum 
expansion of the throat. The 
Schwarzschild wormhole ac
tually expands from zero 
throat radius to the maximum 
shown in Figure 1, then 
shrinks back to zero. It does 
this so quickly that no trav
eller, even one moving at the 

c speed of light, can ever pass 
g from one mouth of the hole to 
~ the other. Such a wormhole 
! is not "traversable". Any 
~ matter falling into the worm-

hole from the surrounding 
space hastens the contraction, so that the traveller cannot even 
come close to making a safe passage. 

Other wormhole solutions to Einstein's equations-for an 
electrically charged or a rotating black hole, for example
while they are ostensibly traversable, suffer from the same 
problem. Any matter that falls in, or any radiation, is so 
concentrated and amplified by the gravitational fields of the 
hole that its own gravity alters the spacetime and closes off th<: 
hole. Moreover, all these wormholes exert tidal gravitational 
forces as strong as those of a black hole of the same size; a hole 
that is metres or kilometres in size would shred travellers 
of human dimensions long before they even got near it. Oearly 
a hole suitable for space .travel requires some novel 
modifications. 

What the team from Caltech did was to construct mathemat
ically wormhole geometries that would allow passage, with 
throats that stayed open and gravitational fields such that 
travellers encountered only modest accelerations and tidal 
forces. The equations of general relativity then told them what 
kinds of matter and energy were needed to make up the holes. 
They found that the throats of their holes had to be threaded by 
matter or fields with enormous negative pressure, in other 
words, the matter would have to have a tension, rather like a 
stretched spring. 

For a hole a kilometre or so across, the size of this tension is 
similar to the pressure at the centre of a neutron star (a star 
with about the same mass as our Sun, occupying the volume of 
a large mountain on Earth). For a smaller hole, the tension 
would be greater. Most crucially, the magnitude of the tension 
must be greater than the energy per unit volume (the energy 
cll'n,itv) nf tht> m::ittt>.r it,1':lf . 
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. Matter with this property is called "exotic". In familiar Washington Univdrsity St Louis, has found a kinJ uf 
matter, te~d'IFffjl!RetE$~:h~a2otJ3H)lJyl~qr ~J-@MbR.DP98r@0'3911leO§tlt OOOGOO:Or1t4can pass through it V:ithout 
energy de-nsrt'y: fh-e-breal:)ng tens10~ o_fsteel, for example,. is enc?untering any ~atter, exotic or otherwise, and .without 
some 12 or~ers of mag~1tude (101

• times) smaller than .its f~ling an~ forces aJt an. He takes two copies of what .1s call.ed 
energy density. A tension larger. than (he en.ergy density Minkowsk1 space-time-this is infinite, empty space-t!me \~·1th 
implies that some observers-moving rapidly with respect to no matter or gravitational fields-and excises an 1dent1ca.l 
the wormh~le-v:-ill ~b~rve the matter to ha~e. negative reg(on fro~ each, :and joins them at the boundaries of the 
energy density. Einstein s general theory of relat1v1ty rel.ates excised regions. rle energy \lensities and pressure~ Pn the 
the density and pressure, or tension, measured by one set of boundary surface i now the throat of the wormhole. arc 
observers to those of another. The relationship guarantees specified by Einst~iri's field equations. If. for example. the 
a positive energy density for all observers if pressure or junction surface is ·[cube. then all the exotic matter is confined 
tension is smaller than energy density for any one observer, to "struts" on thee ges ~f the cube. A traveller can pass from 
but not otherwise.· Einstein's field equations imply that one Minkowski reg on to the other through a face of the cube, 
any traversable wormhole must contain some form of this untouched by any alter or force. Visser's work also suggests 
exotic matter. that wormholes like" this could be made stable-they would 

w.e .d.o not know whether this requirement ~I.es out the neither collapse:'ho.fj~P,lqd.e, clearly another requirement for 
poss1b1hty of traversable wormholel> or not. Phys1c1sts usually holes usable for tra~eU-!f:;:. . 
assume that matter obeys certain energy conditions, among In a similai 'vein, recent work by Ian Moss, Felicity 
which is the requirement that all observers measure positive Mellor, and Paulijavie's at the University of Newcastle upon 
energy densities. Situations exist, however, in which these Tyne indicates"tha in our expanding Universe, some worm
conditions are known to be false. holes may not be f reed to collapse by the effects of infalling 

The electromagnetic field between two metal plates can, for mauer and .. radia9on. So this may not be the problem 
examp]e,, give rise to a negat!ve energy de.nsity. Becaus~, f<?_fi~orm~ol~J.!1.Q~(~*P~~ding Universe that it is for holes in 
according to q_uantum mechamC;l, the ~le~tnc and magnetic h~het1cal .~t)p)i~~time. 
fields obey Heisenberg's uncertainty pnnc1ple, they fluctuate · - : /.?:'w· ~If I" t' h' 
minutely, rather than holding precise, classical values. Even . . ). :_. .?f' ... o es as ime mac mes 
the vacuum contains these field fluctuations. The energy of the The biggest\tirp~se in all this is that if the laws of physics do 
fluctuations in the field between conducting plates is actually permit wormhole.s ~uitable for space travel, then they provide 
less than that in the free vacuum; that is, it is negative. This a simple means ofltime travel as well. A wormhole may be 
effect is named after the Dutch physicist Hendrik Casimir, turned into a time machine by keeping one mouth of the hole 
who calculated it in 1948, and it has since been confirmed in fixed with respect t~ the distant stars., while ~oving the .oth_er. 
the laboratory. (From outside, a wiormhole mouth 1s an ordinary grav11atmg 

The evaporation of black holes. discovered by Stephen body. You could niove it using the gravitational attraction of 
Hawking at the University of Cambridge in 1974, also involves another body. or b_r giving it an electric charge and moYing it 
negative energy densities. with electric fields.~ Clocks fixed to the moving mouth advance 

No one knows whether exotic matter of the density and more slowly than tqose at the stationary mouth; they undergo 
extent required to make a traversable wormhole can exist or "time dilation" wi'h respect to distant clocks, a well-known 
not. If it can, and if it interacts weakly enough with other effect predicted by,the special theory of relativity. However, 
matter to avoid harming the traveller, or can be confined they remain linkedlto clocks at the stationary mouth through 
within the wormhole away from the traveller's. path, then the wormhole. ! 
traversable wormholes remain a physical possibility. . Enter the wormh;ole at the moving mouth when clocks there 

The results of other theorists support this. Matt Visser of read 12:00 and you will emerge from the stationary mouth with 
the clocks there reaaingjust after 12:00. The accumulated time 
dilation of the mo~ing mouth, then, makes backward time 

(a) travel possible. Ev¢ntually, you·can travel from the stationary 
mouth to the moving one, through the intervening space. and 
reach the moving ~outh when clocks there read an earlier 
value than those at the stationary mouth did when you left. 
Travel back throu,i:jh the hole, and you arrive at your starting 
point at an earlier tjime than you left (see Figure 2). You have 
made a journey, through the wormhole, back in time. 

This is not the unrestricted time-travel of science fiction. 
There is a surfaceJ in the wormhole space-time, defined. as 
shown in Figure 2, by the first cyclic journey when no time has 
elapsed, before wh1ch no backward time-travel can take place. 

(b) But in tbe space1time beyond this boundary cyclic trips 
through 1ime are' possible. Hence we must face all the 
paradoxes associated with time-travel, or re-evaluate our 
familiar ideas of causality and time evolution. 

Notions of caus~lity-that causes precede effects, that the 
past determines th:e present and the futu~e, and so on-are 
deeply ingrained i~scientific thought. The team from Caltech, 
in collaboration V-1ith Igor Novikov of the Space Research 
Institute, Moscow! and other physicists, are examining the 
implications for th~se ideas of wormhole time machines. They 
supplement causal~ty with the principle of consistency: the 
evolution of a phy~ical system should be self-consistent, even 

Figure I A wormhole can connect two regions, as ix a, or rwo pointJ. when you include !influences from the future acting back in 
of a s.lngle region as in b time. This means t~at if you travel back in time and attempt to 

' ' 
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Figure 2 A wormhole time machine. You travel from the stationary 
mouth S to the moving mouth M through the intervening space at 
speeds up to that of light c. You return immediately through the 
wormhole to the point where t, equals tm where you entered M. After 

the boundary shown, such journeys can take you back in time 

shoot your parents before your birth, your gun misfires or you 
miss; the sequence of events already includes the effectS of 
your attempt. 

The researchers find that a simple "free" field in space-time 
with a wormhole evolves in a consistent and well-determined 
way from any initial conditions specified well· before the 
wormhole's time-travel boundary. Obtaining consistent evolu
tion from conditions specified after that boundary is more of a 
problem; the initial conditions may have to be restricted or 
specified at various times. 

Interacting systems present further complications. as illus
trated by the problem of colliding "billiard balls" in a 

D :JB6-00789R003100030001b4 
S .:·:/·. - ... ··.·.• .M S · ._:;.: .. ·.:~·.·.,,"-. i.t 

··-··e:u . / e:'o. ·'~-·-. 
", "- ' . .·· 

. ' . ' ,a I.· . 
I \ . 

Figure 3 Consistency with a wormhole time machiM. For the iighl 
initial velocity as in a, the billiard ball emerges from the staJion.ary 
mouth S, after backward time travel, just in time to knock iuelJ.,baclr. 
into the mo1·ing mowh M. Solution b is inconsistent: the billiard ball 
fails to enter M to produce the earlier collision. More thClJI qru 
consistent outcome is possible /Qr the_ s.ajrie initial conditions: [,i c, ihe 
ball passes between the wormhole n:ourhs,withp?/J!IJerpctio!)dif~, it 

emerges from S after backward //me travel to knoc'k'ttsdf mtd M 
.. ·::·g .. ·•,;:··: '. ;-;. ·r···. i-l.!::-. 

wormhole space-time. Consistency restricts the range'tif 
possible initial conditions (see Figure 3 a and b). With the right 
initial velocity, a ball can be knocked into the wormhole and 
travel back in time to knock itself into the hole, in a consistent 
way. With the wrong velocity, the ball emerging from the time 
machine fails to knock itself into the hole; this is excluded bv 
the principle of consistency. But more is needed. Some initial 
conditi<;ms imply more than one distinct, consistent solution, as 
in Figure 3 c and d. A ball can pass undisturbed between the 
wormhole mouths, or it can be deflected into the hole, travel 
back in time, and emerge to cause the deflection. Both are 
consistent outcomes of the same initial conditions. The 
researchers from Caltech and Moscow resolve this paradox by 
treating the balls according to the laws of quantum mechanics. 
In this light, both outcomes occur with some probability, but 
the probability distributi(?n for. the balls evolves in a unique 
and consistent way. While much more remains to be under
stood, it appears that time travel may be more physically 
reasonable than everyone had thought. >-

··--··"t 
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.>-One problem that remaiJJ.S_ 
unsolvccAJ;>Rf~'eS~~lr~~le 
ing a wonnhole in the first 
place. Theory shows, for 
example, that you cannot 
create a wormhole in a· 
smooth, classical space-time, 
with well-defined time direc
tions everywhere, unless the 
space-time geometry already 
allows travel in time. Most 
theorists conjecture that on 
very small scales the geome
try of space-time fluctuates in 
accord with the quantum un
certainty principle, giving rise 
to a "foam" of tiny wonn
holes. Perhaps a macroscopic 
wormhole could be obtained 
by enlarging one of these in 
some way. Only here does the 
matter of traversable worm
holes and time-machines 
touch upon the physics of the 
other sort of wormhole-the 
microscopic wormhole. 

In the late 1950s, John 
Wheeler, then at Princeton 
University, was already 
proposing that elementary 
particles might consist of 
microscopic wormholes 
threaded by electric or other 
field lines. This did not prove 
a useful description, but, 
since then, theorists have 
held that space-time should 
be permeated by wormholes 
on scales at which quantum 
mechanics affects pavity. This happens near the· "Planck 
scale", around 10·3 metres. These wormholes should play an 
important role in any quantum theory of gravity. 

In 1987, Stephen Hawking derived some concrete con
sequences of this; his results indicated that such wormholes 
modify quantum mechanics and alter the constants of.nature in 
unpredictable ways. In 1988, Sidney Coleman of Harvard 
University contested Hawking's conclusions, though not his 
calculations, claiming instead that quantum wormholes ac
tually fixed the values of certain physical constants in a 

Figure 4 A quantum WO'!'l_ho/e· geometry. The jnterior of the 
wormhole is a "baby universe" separated from a larger space 

I 
dramatic fashion. \Other t~eorists quickly joined ·in, some 
supporting Colema:n·s conclusions, some denying them. 

Hawking judgedi that a proper quantum-mechanical treat
ment of gravity (se~ Box on previous page) should include the 
effects of microscopic wormhole geometries such as the one 
shown in Figure 4. Such a geometry represents a "baby 
universe" (the intJrior of the wormhole) branching off and 
rejoining the large;\Universe. He calculated that the contribu
tion of these to ph1sical processes was equivalent to a simple 
interaction betwee elementary particles and baby universes. 
He concluded that ,such an interaction would cause a loss of 

· info!mation (down ithe wormholes) from quantum systems in 
·'the larger Universe1 The interaction would also shift the values 
of the constants irl the original theory describing the ele
mentary particles, ~y amounts that depended on the internal 
states of all possiblefibaby universes. This means that e\'en if we 
had a comprehens ve "theory of everything", it would he 
useless. Nothing c uld be calculated from it without first 
making an infinite 

1

, umber of measurements to determine all 
the shifts caused by th~ baby universes. 

Coleman's camp ~isputed this. They argued that Hawking's 
"loss of informatioq_" would not be observable. They went on 
to a much more ~tartling conclusion: that the shifting of 
physical constants by baby universes could solve the long
standing "cosmolo~cal constant problem", and more. 

The cosmologicaf constant is the coefficient of a term in 
Einstein's gravitatiqnal field equations(}t<:a,n be interpreted as 
an "energy density\ of the yacuum"/ a ,~ensity th~t remains 

· constant as the. Unhrerse expands or contracts. (Unhke matter 
or radiation, the va1uum does n9t become mor~ or less dense 

! 
' 
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as the volume of the Universe even certain that the whole_ <!PP!<.?.ach to quantum gravity used . 
r<fle~e iOOa/iQ4(~;t~A~irBQ7~0ii1iOOD~9s1i1twell .defined.· William 

vacuum.) Einstein put the Unruh of the Uniyersity of British. Co1umbia. has found 
constant into his equations in pax:ticularly devastating results along these lines. He claims 
order to obtain a. so.l.µtjon .. ;: that Coleman and Hawking omit a whole class of histories from 
describing the Universe· as it · their su·m-; when these are included the sum fails to give a ~nite 
was believed to be prior to t~e pr_ediction. for any physical _pr~. If Un.ruh is coirect 1 then· 
late 1920s-filled . with m1croscop1c wormholes become a r~ductw ad absurdum for 
matter, but static. Einstein's this approach. (That would be nearly as significant as solving 
motives for using the constant the cosmological constant problem, but it is not a result most 
have since vanished-we physicists would like.) 
know the Universe is expand- Even if Coleman's calculations are correct, the theory could 
ing-and observations show still founder when compared with observations. If the theory 
it to be very small or zero, but forces Newton's constant to a minimum value that turns out to 
theorists are still.having trou- be zero or negative, it is undone. Recent results also suggest 
ble getting rid of _it. .. that the theory may predict masses for ele~entary particles in 
. Elem~ntai;x'.P,~.I1~cle ph~-';1k0a~n.t disagr_eeg:i~nt w_jth_their.measured values1 or!': density 
1~ predicts _vacuum energies t~;<?,f.~rnhol~ m spa~-time large eno~gh to conflict ~th well-

. ansmg ... {1:PP\:/·. qµ~IJ~~~ .,-~Jc~o~_part1cle phy~1cs. :. . _ .. _t':;fs'.. ·,. . (',_ ~-
-, ·-fluctuations, f1ke the CasunfrJit-\ '.The controversy 1s far from oveOMicroscop1c wormholes 

energy mentioned earlier. may provide a breakthrough in our understanding of quantum 
'" : Th~ total t:n_7_r~--~~rs~ty_)_s,f.i:~~v_tty, <?.r. they may compl~t.ely .if'l:Ya).i_?~te o~r Pr~J! models, 
t,, : ,tvn1cally .. -120 orders· of-mag-.: . ., ot •lev may vet prove to be a q;[c!J;nd;·~1trr~::.S,;_.::.0• ,'-..:: .... : •• • 

~o/.cfii'itude _larg'er,)~ii.n' i_s co.n~is(~f1,t?~J.ith~ ever~_6-'st!'>'~ci~',W<?~oie/ia!te"o'r ~iill.-: :All 
. tent With th_e :observatt9_ns./, ;h~,)deas that I li!iVe_._descnbed ·ar,~.<~xtens1ons of·,theory, 

To reconcile this, the theo- - reasqriably well-founded in the classicafcase, but less so in the 
. rists need ·to arrange for the quantum case. It is the hope of every physicist wofl~ing _on 

~--contributions from different· either subject to come up with pnysical effects resulting from 
types of particles to cancel these speculations that will bnng them within reach of the 
each other to 120 decimal experimenter or the observer. D 
places (unlikely} or to find 
some other way to get rid of 
the constant. Hawking sug-
gested in 1984 that quantum 
gravity might do this; Cole
man placed the idea on a 
firmer footing by invoking 
the effects of wormholes. 

The wormholes contribute 
to what is called "sum-over-histories·· in a quantum descrip
tion of gravity. This gives the probability of a physical process 
in terms of a sum over all possible "paths" that the process can 
take. Coleman argued that if you take into account the 
contributions of microscopic wormholes in the "sum-over
histories" (see Box) for quantum gravity, it is· completely 
dominated by histories in which the cosmological constant, in 
large regions of the Universe like our own, is zero. Any 
physical observation that we make to measure the constant 
must, therefore, give a zero result. Moreover, the completely 
dominant histories are also those for which Newton's gravita
tional constant, and other physical quantities appearing in the 
sum, take their minimum values. These requirements should 
determine all the internal states of the baby universes-all of 
Hawking's shifts in the physical constants-hence all the 
values of all those constants of nature. No wonder Coleman 
calls this "the big fix''. 

The possibility that _quantum gravity could have such 
dramatic effects, and that they might be calculated, has drawn 
many theorists to the subject. It has become a hotbed of 
activity in the past two years. Many variations on the original 
calculations, and new calculations, have been published-to 
test the validity of the assumptions that were made, to examine 
in full detail particular models of wormholes, or to search for 
particular observable effects. • 

Ian Redmount is a research associate in physics at Washington U,wersity, St 
Louis, Missouri. He was formerly a PhD student ol Kip Thome at ea.,ech. 
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The Zeno's paradox in quantum theory 
B. Misra and E. C. G. Sudarshan• 

~ntu for Particle Throry, Uniwr,ity of Tu.ru at Au.rtin. AU..!tin. Tv= 78712 
(Rccdvcd 2~ February 1976) 

We seek a quantum-theoretic expression for th( probability that an unstable particle prepared initially in a 
well defined state p will be found to decay somnime during a given inrer.a/. It is argued that probabilities 
like this which pertain to continuous monitori:i.g possess opuational meaning. A simple natural approach 
to this problem leads to the conclusion that an unstable particle which is continuously observed to see 
whether it decays will never be found to decaJ' Since recording the track of an unstable particle (which 
can be distinguished from its decay products) .:.pproximarely realizes such continuous observations, the 
above conclusion seems to pose a paradox which we call Zeno's paradox in quantum theory. The relation 
_of this result to that of some previous works and its implications and possible resolutions ire briefly 
discussed. The mathematical transcription of the above-mentioned conclusion is a structure theorem 
concerning semigroups. Although special cases of this theorem arc known. the general formulation and 
the proof given here are believed to be new. We also note that the known "no-go" theorem concerning 
the semigroup law for the reduced evolution of my physical system (including decaying systems) is 
subsumed under our theorem as a direct coroll,ry. 

1. INTRODUCTION 

The object of this paper is to discuss a seemingly 
paradoxical result in quantum theory concerning tem
poral evolution of a dynamical system under continuous 
observation during a period of time. For reasons that 
will become clear shortly we call this complex of de
ductions Zeno's paradox in quantum theory. 

Let us consider schematically the theory oi an un
stable quantum system. Naturally the states corre
sponding to the decay products alsu should be included 
in the space of all states which we take to be a Hilbert 
space H, Let us denote the (orthogonal) projection onto 
the subspace spanned by the undecayed (unstable) states 
of the system by E. This projection E thus represents 
the observable that corresponds to the "yes-no experi
ment'' for determining whether the system is in an ·un
decayed state or in a decayed state. The evolution in 
time of the states of the total system will be described 
by a unitary group U(t) = exp(- iHt) labeled by the real 
time parameter t. In this setting the quantity 

q (t) = Tr[ pU* (t) EU (t)] (1) 

is interpreted as the probability, at the instant t, !or 
finding the system undecayed when at time O it was pre
pared in the state p. Correspondingly, the probability 
that, at the instant t, the system will be found to have 
decayed is the complementary quantity 

p(t) = 1 - q(t) = Tr[ pU* (t) E 1U(t)], 

All lliese are, of _course, standard. 

Quantum theory, in fact, provides an unambiguous 
algorithm for computing the probability distributions 

(2) 

of time, given the knowledge of the initial state of the 
of) time, given the knowledge of the initial st.ate of the 
same system and its law of time evolution. Expressions 
(1) and (2) are o~y'·particular instances of this well
known algorithm. 

sider the following probabilities for which quantum 
theory has no ready expressions: 

(1) The probability that the system prepared int.he 
undecayed state p at time O is found to decay sometime 
durir..g the interval A= (0, t]. We denote this by P(O, t; p· 

(2) The probability Q(O, t; p) that no decay is found 
throughout the interval A when the initial state of the 
system was known to be p. 

(3) The probability that the systerr{ prepared initially 
in the state p will be found to be undecayed throughout 
[O,t1]=A, but found to decay sometime during the sub
se.quent period [t1, t] = A 2, 0 < t1 < t. We denote this by 
R(O, t1, t; p). 

It is important to distinguish the probabilities 
Q(O, t; p) from q(t) since there is the temptation to iden
tify them [and hence also P(O, t; p) with p(l)]. 1 The prob, 
ability q(t), however, refers to outcomes of measure
ment of E at the time t, the system being left unobserv, 
after the initial state preparation until t. 

The operational meaning (if any!) of the probabilities 
P, Q, R on the other hand is to be found in terms of thE 
ou~comes of continuously ongoing measurement of E 
during the entire interval of time b.. The notion of such 
continuously ongoing observations (or, equivalently, 
measurements) is obviously an idealization. 

We may consider llie process of continuing observa
tion as the limiting case of successions of (practically) 
instantaneous measurements (of E) as the intervals be
tween successive measurements approach zero. Since 
lliere does not seem to be any principle, internal to 
quantum theory, that forbids the duration of a single 
measurement or the dead time between successive 
measurements from being arbitrarily small, the pro
cess of continuous observation seems to be an admissi
ble process in quantum theory. 

It may be argued, however, that what are measurabl, 
or not are governed not only by llie fundamental princi-

In contrast to .the· above-mentioned probabilities ples of quantum theory but also by the actual constituen 
which refer to a specified -instant of time we may con- of the real world and llieir interactions. 
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The <Apµ1ICVJedcfiOJTlReiea5~03/QA(i1@ fn~AtRDP96.-AW&i~~~1A_qQ~QQ)fphon of Zeno's paradox is 
i.,e bereft of any physical meaning if it could be est.ab- a structure theotem concerning a class of strongly con-
lished tha.t the fundamental constituents of the real world tinuous semigro~ps. This theorem is formulated a.rid 
and the interaction between them are such as to exclude proved in Sec. 3] of this paper and may possess sor.1e in-
the possibility of arbitrarily frequent observations. But, trinsic interest ~part from its application in the present 
on the one hand, we cannot claim as final our present context of a theojry of continuous observation. As a by-
knowledge of the constituents and interactions of the product of lliis i*vestigation we find that the known re-
real world. On the other hand, to agree that there is a sult 3 concerning :the incompatibility of the semibour.ded-
limitation on the frequency of observation amounts to ness of the Hamttonian H with the requirement tha: 
claiming the existence of an elementary and indivisible E exp{iHt) E for~ a strictly contractive semigroup ca.n 
unit of time. Though the existence of an elementary be subsumed under the above-mentioned theorem as 

I 
interval of time is an exciting possibility, it is not part one of its direct ;corollaries. 
of the currently accepted and tested physical theories. S f th . i 1. ti d 'bl 1 t· f ome o e in 1p 1ca ons an poss1 e reso u 10ns o 

We, thus, feel that the notion of continuous observa
tion should be accepted, at least for the present, as 
physically meaningful and quantum theory should be 
pressed to yield an answer to questions relating the 
probabilities pertaining to such observations. 

Continuous observation processes seem to be realized 
in practice also, at least approximately, by the tracks of 
unstable charged particles in bubble chambers and other 
detecting media. The observation of the track amounts 
practically to a more or less continuous monitoring of 
the existence of the unstable particle and thus a mea
surement of E during the period of the particle's flight 
through the detection chamber. We are therefore led to 

:.accept .. as operationally meaningful the P(O, t;p), Q(O, t;p), 
and R(O, t1, t;p), To be a complete theory, quantum 
theory must provide an algorithm for computing these 
probabilitie.s. 

In the next section we describe what appears to be 
the natural approach to determining quantum-theoretic 
expressions for these probabilities. Our investigation 
leads to the paradoxical result mentioned at the begin
ning of this section: An unstable particle observed con
tinuously whether it has decayed or not will never be 
found to decay I Since this ·evokes the famous paradox of 
Zeno denying the possibility of motion to a flying arrow, 
we call this result the Zeno's paradox in quantum theory 

In fact, ·u Eis taken to be the projection to the set 
of localized states of a particle (or, a quantum arrow) 
in a given region D of space, then one concludes that 

, the particle will never be found to arrive in a disjoint 
region D' provided it is continuously observed whether 

· it has entered D' or not: The "arrow" cannot move to 
where it is not! 

This result acquires an even more picturesque and 
· paradoxical formulation when it is applied to the "hell
ish contraption" considered in the Schrodinger' s cat 

: paradox. 2 It may be recalled that the contraption con
·sists of an unstable (qu;i.ntum) particle placed in a box 

-equipped with an efficient counter and a cat inside a 
steel. chamber. II the particle decays, the counter 

· triggers and, in its turn, activates a tiny hammer which 
breaks a container of cyanide in the steel chamber. 
Monitoring the vital functions of the cat amounts to ob
serving i! the particle has decayed or not. In view of 

the quantum Zen?'s paradox will be brieny discussed in 
the concluding s~ction of the paper. 

\ 
Finally it mayJbe mentioned that the conclusion cilled 

here the Zeno's ~adox in quantum theory has bee,. 
noted in some pr;evious works,~-- but the present 
analysis of the ptoblem is carried out in a more ge:-.eral 
and mathematically rigorous setting tha.n the previc\ls 
works. This, wejfeel, is not merely a dispensable 
luxury, but is nefessary to locate the precise assur:::p
tions on which thr, "Zeno's para~ox" rests. 

i 
2. QUANTUM T~EORETICAL EXPRESSIONS FOR 
P(O, t;,o) AND R~LATED PROBABILITIES 

I 
The three pro~ability functions P, Q, R introduced 

in the previous ~ection relate to the results of cont.nu
ous observation .1throughout an interval of time. By 
their very definihons they must obey the relations 

l 
I 

P(O, t; p) + Q(IO, t; p) = 1 

and i • 
i 

R(O, ti, t;p) =IQ(O, '1 i p) P(O, f - ti i Pi), 

where p1 is the ~tate in which the system {preparec: 
initially in the s~ate p) finds ,i.tseli at t1 ·after being con
tinuously observ~d and found to be undecayed throughout 
[O, ti]. We may therefore concentrate our attention on 
calculating Q an4 p1• 

We start with ~e system in the state p and make a 
series of n + 1 m:easurements, which are idealized to be 
instantaneous, at times O, tin, 2t/n, .•• 1 (n - l)t/n, and 
t. We seek the pfobability Q(A, n;p) that it be found 
undecayed in eac~ of these measurements. It is natural 
to assume tha.t Q(A; p) E Q(O, t; p) can be evaluated as 
the limit of Q(ll,~;p) when n-"", provided the limit 
exists. ! 

Let us denote ~y p(n, t) the state in which the system 
finds itself after 'the (n + 1) measurements at O, tin, 
2t/n,, •. , t and b~ing found to be undecayed in each of 
these measurem1nts. Now, according to the orthodo:i: 
theory of measur-ement, if a measurement of E on the 
system is carrie~ out yielding the result "yes" (that is, 
"undecayecl"), th~n the state of the system collapses to 
a new (unnormalifedl) state p' of the form 

p'=~ AjpA 1! (3) 

with 

the Zeno's paradox formulated above, should we con
clude that the particle will never de.cay? Will the cat 
escape f:he cruel death awaiting it, a.gainst which it has 
no defense, provided its vital signs are -constantly 
-watcheq with loving care? · · · ~ Aj A1=E. \ (4) 
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The collapsed state p' given by (3) is, in general, not 
uniquely determined by the measured observable E and 
the observed outcome but depends also on the details of 
the measuring apparah1s. This circumstance is re
flected in the nonuniqueness of the operators A1 satis
fying (4) .. 

The mapping (3) of the density matrices is very 
closely related to the "completely positive maps'' de
fined by 

P -·D Va PY! =A(V")p, 
•• 

The "state collapse" caused by "nonselective" measure
ments of E is described by such maps. They will be 
considered in a future publication in the context of re
peated and continuous nonselective measurements. 

Quantum theory envisages also the possibility of 
ideal measurements under which the collapse of the 
state proceeds according to the simple law 

p-p'=EpE (5) 

when the measurement of E on the state p yields the 
result "undecayed," · 

The considerations of this paper will be restricted 
to such ideal measurements only, since in such cases 
we can exploit the positive definiteness of the 
Hamiltonian in a direct manner. Ii we were to consider 
the more general collapses (3) we would have to pro
ceed more indirectly using the von Neumann-Liouville 
generator which is however not fX)sitive definite. The 
study of the probabilities Q(t., p), etc. would then in
volve new technical problems obsc;uring the essentials 
of Zeno's paradox. We plan to present the study oi the 
more general situation in a subsequent paper. 7 

Accordingly, to determine p(n, t) we allow the system 
to collapse at each measurement according to (5) but at 
the intervening time intervals it undergoes the usual 
Schrodinger time development. The (unnormalized) 
state p(n, t) is then easily seen to be 

p(n,, t) = T.(t) PT! (t), 

where 

T.(t) = [EU(t/n) E]" 

a [E exp(- iRt/n) E] •. 

Moreover, it is also easy to show that the standard 
interpretation of the quantum theoretical formalism 
entails the formula 

(6) 

(7) 

(8) 

In fact, (8) is a special case of a more general formula 
for the probability connections between several succes
sive observations. 8 It is imfX)rtant, however, to bear 
in mind that the general formula discussed in8 [and, a 
fortio·ri, formula fB)] holds only under the assum~ion 
that the successive measurements under consideration 

Returning to ·ideal measurements we have to proceed 
to the limit for n- 00 • We define 

p(t) = s-lim p(n, t), (9) 
•- -

Q(t.;p)=lim Q(t.,n;p), (10) ·-· 
provided the limits on the right-hand side exist. Hence, 
if the limit 

S-lim r.(t) = S-lim [EU (tin) E]" = T(t) 
,..... ,r .... 

exists for t;, 0, then we may make the identification 

p(i) = {Tr[ T(t) pT * (t) J}·1 • T(t) pT * (t) (11) 

for the resultant (normalized) state obtained as a result 
of continuous observation and verification that the sys
tem remained undecayed throughout the interval. The 
probability Q(t.; p) for this outcome is given by 

Q(A; p) = lim Tr[ T.(t) p'.f'! (t)] ·--
= Tr[ pT"' (t) T(t) ]. (12) 

Once Q(A; p) is obtained in this manner we may calcu
late P(t.;p) to be 

P(t.; p) = Tr[ p( I - T* (t)) T(I) ]. (13) 

For a given group U(t) of time-evolution the existence 
of the operator T(t) for t ;i: 0 imfX)ses a nontrivial 
restriction on the projection E. This restriction may be 
viewed as a necessary condition in order that the ob
servable represented by E admits a pontinuous ideal 
measurement. 

It is known5 Q)at the operators T(t) (if they exist) form 
a strongly continuous semigroup for t > 0. The continuity 
of T(t) at I= 0 does not generally follow from the 
existence of T(t), but on physical grounds, we shall as
sume it; 

s-lim T(t) = E. 
1- o. 

(14) 

This condition expresses the essentially desirable re
quirement that the probability Q(t.; p) given by (12) ap
proaches the probability Tr(pE) as t - o. that the sys
tem is undecayed initially. 

To prove the existence of T(t) and its continuity at 
the origin, (14), in specific examples of !XlYSical inter
est fX)ses nontrivial mathematical problems. We hope 
to consider these in a subsequent paper. 

3. ZENO'S PARADOX IN QUANTUM THEORY 

In the preceding section we arrived at formula (13) 
for the probability P(t.; p) that the system prepared 
initially in the undecayed state p will be observed to 
decay sometime during the interval t. = [O, t]. Despite 
the natural derivation of (13) we now show that the 
probability P(t.; p) vanishes for all finite intervals t. 
provided that the initial state was undecayed, 

Tr(pE)=l. (15) 

a.re weal in the sense described above. For nonideal We are thus led to the paradoxical conclusion that an 
successive measur~ments these formulas do not yield unstable particle will not decay as long as it is kept 
correct probability~8W&'t¥Mlsf or Release 2003/04/18 : i.GIA!RBR96tdl97<119R6GJ:t>O<,&JOOO$U1,er it decays 
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.ment is ilie following theorem. " - • \ 

Theorem 1: Let U(t) sexp(- illt), t real, designate a 
strongly continuous one-parameter group of unitary 
operators in the (separable) Hilbert space H. Let E 
denote an orthogonal projection in H. Assume that: 

(i) The self-adjoint generator H of the group U(t) is 
semibounded. 

(ii) There exists an (antiunitary) operator (J such that 

(}£(]·1 = E, 

eu(t)e· 1=U(-t) for all t. 

(iii) s-lim,, •• [EU (tin) E]" = T(t) exists for all t ~ 0. 

(iv) s-lim,,. 0J(t) = E. 

Then s-lim,, •• [EU(lln)E]"=T(t) exists for all real i 
and possesses the following properties: 

(a) The function t - T(t) is strongly continuous and 
for all real t and s satisfies the semigroup law: 

T(t) T(s) = T(t + s), 

(b) and 

T"(t) = T(- t). 

. . Remarks: (1) The conclusions of the theorem imply 
· -the r·elation: 

T*(t) T(t) = E for all real t (16) 

so that P(6;P)=Tr(p(I-E)]=O for all p satisfying (15). 

(2) With e interpreted as the time-reversal (or CPT) 
operation, the assumption (ii) of the theorem turns out 
to be only a weak version of T or CPT invariance of the 
theory. Moreover it should be noted that assumption 
{iii) is used only once in the proof for concluding the 
existence of the strong limit (iii) for t < 0 as well. 

(3) It is easy to give a relatively elementary proof 
of the theorem under the additional assumption that E 
is a oii-e-tj.imensional projection onto a vector in the 
domain of H. The theorem is also known to hold in the 
special case that H = - V2 and E is given by 

(Elfi)(x) =X(x) !fi(x), l/iE L 2(R3), 

where X is the characteristic function of a (suitably 
smooth) region of R 3

• 10 Theorem 1 generalizes this re
sult to arbitrary semibounded H and arbitrary 
projection E. 

(4) The semiboundedness of His necessary: Consider 
the following counterexample, Let V(i) be the operator 

· family 

(V(/)rJ,)=rJ,(x-t), !/JEL2(R). 

Let E be defined by 

{ 
1/J(x) 

(ErJ,)(x) = O 
X .-,;;O, 

x> O. 

It is then easy to verify that 

· Ele(t)EV(s)E=EV(f+s)E 

for all t, s';!, O, so that 

for all t ~ O, but! 
I 

T* (t) T(t) = £! V(t') E V(t) E 

=vi*(t)EV(t);iE for all t>O. 

i . 
Thus the conclu$ion of the theorem is violated, th0t:gh 
the assumptions 11in its formulation except the semi
boundedness of tjhe self-adjoint generator V(t) are met. 
[Strictly speak.dg, assumption (ii) about the existence 
of e is also not ~atisfied, but it was necessary only to 
prove the existe ce of T(- t) and T(- t) is trivially Yeri
fied to exist in e present example.) 

We now turn ti the 
I 

Proof of Theotem 1: The existence of 

T(t)ss-lim[.hi(tln)E)" (17) 
"... ! 

I 
I 

for all real t foll;ows immediately from the assumed 
existence of T(t) lfor positiue t and assumption (ii). In 

I 

fact for t ~ 0 I 
T(- t) = s;~mml[ElJ(- tin) E)" 

i 
= s;!i., e[EU(tln) E]" e-1 

=GT(t)e· 1• (18) 

To prove asserti~n (b) we observe that 
I 

[EU(- tln)E)1={IEU(tln)E]"}" 
i 
: -T*(t) weakly as n - ""· 

On ~e other han~, 

[EU(- tin) E]t-T(- t) strongly as n - ""· 

The assertion (bj follows immediately. 

It remains to ¥ave (a), e·specially assertion (16). 
Let us make a s~ght notational change an~ write 

W(t) = T(- t) =ls-lim (E exp(iHtln) E]". (19) 
I ft•• 

The statement (a~ can be transcribed into a correspond
ing statement on IW(t). We shall also assume, without 
loss of generalit~, that H is sell-adjoint and positive. 

I 

For convenienqe in exposition we shall break up the 
proof of statemeryt (a) into the following three lemmas: 

Lemma 1: Let~ be a positive self-adjoint operator 
of the Hilbert s3ce fl and let F.(z) be the operator
valued function d fined by 

Fn(z)e(Eexp,iHz/n)E]". (20) 
! 

Then i 
(1) Fn(z) is defi\tect and continuous (in the strong 

operator topologt for all complex z with Imz ~ 0 and it 
is holomorphic in1 the open upper half-plane Imz > 0. 

l 
(2) The functiotj F.(z) has the integral representation 

_ (z +i) 2 1•· F.(t) 
F.(z)- 2iri _; (t+i)Z(t-z) dt, Imz>O. (21) 

' 
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(3) 

1 1- F,(t) di - 0 Imz < 0. 
2iri (I+ i)2 (I - z) - ' .. (22) 

Proof of Lemma 1: The assertion (1) follows from 
the positive seli-adjointness of H and its proof is 
standard. To prove assertion (2) we start with Cauchy's 
integral formula for the function F.(z)/(z + i) 2 which is 
holomorphic in the open upper hali-plane, 

F (z) ___ 1_ f F 0 (z') , 
(z ~ i)2 - 211i (z' + i)2(z' - z) dz ' Imz > O, 

C 

where C is any simple closed rectifiable contour en
closing the point z and contained entirely in the open 
upper hall-plane. A similar integral representation 
holds of course for the holomorphic function F.(z} itself. 
But with the choice we have made the integrand vanishes 
faster than lz'J· 1 as lz'l - 00 • Hence if we choose the 
closed contour C to be the axis running from - 00 + ie 
to + 00 + ie and an infinite semicircle we could rewrite 
the contour integral as an open line integral 

F (z) = _(z + ~) 
" 211: 

2; .. 
... (t + i + ie)2 (I - z + ie) ' 

(21 ') 

Imz>e>O. 

The (operator) norm of this integrand is dominated by 
the integrable functio11 

(1 + t2)·1 • (Imz - Eo)-1 

for all e with O.:;; e < e0 < Imz. Moreover, 

s-lim F,(t + ie) = F.(t). 
f - o. 

Hence the conditions for the application of Lebesgue's 
dominated convergence theorem for operator-valued 
integrals 11 are met and (21 ') goes over to the desired 
representation (21) in the limit e - O •. The relation (22) 
is similarly obtained from the vanishing of the contour 
integral 

1 f_ F.(z') d , f I 0 
21ri (z' +i) 2(z' -z) z or mz < · 

C 

Lemma 2: With the same notation as in Lemma 1 let 
us assume that 

W(I);;; s-lim F.(t) = S-lim [E exp(iHt/n) E]" 
II•.. n .. .., 

exists for all real I. Then: 

(1) W(z) "s-lim. •• F.(z) exists for all z with Imz > O. 

(2) The function W(z) is holomorphic in the open upper 
half-plane and satisfies the semigroup composition law 

(23) 

(3) There exists a nonnegative and self-adjoint opera
tor B and a projection G such that 

Prooj of Lemma 2: To prove (1) we start willi. the . 
representation {21) fi;>r F.(z). By assumption, W(t) 
1: s-lim_ •• F.(t) for all real t and 

llu+~)i((i-z)\I., (~I~),·1 for all n. 

We can therefore apply again the Lebesgue theorem on 
dominated convergence and conclude that 

W(z) = s-lim F.(z} .... 
exists and has the representation 

(z + i)2 1 · W(t) 
W(z) = 2if"i (t + i}2(t- z) dt, Imz > 0. .. (25) 

From the well known Vitali's theorem 11 we can conclude 
that W(z) is holomorphic in the open upper hali-plane. 

To prove the semigroup property of W(z) we show 
first that this law holds for p.ire imaginary values, 

W(is) W(it) = W(i(t + s)) 

for all positive t ands. 

To this end, first consider the case where t ands are 
rationally related so that there exist positive integers 
P, q for which 

s + t s t 
r( p + q) = rp = rq 

for all integers r. For such s, t we can deduce 

[ ( 
t + s ) J r<, .. l 

E exp -H ( ) E r p+q 

= [E exp (- H ; ) E J r, [ E exp (- H :q) E J rq 

which, in the limit r - 00 yields 

W(i(t + s)) = W(is) W(it). 

Once this is established for rationally related positive 
s and t by continuity it can be extended to all positive s 
and I. Since W(is) is holomorphic it is, afortiori, con
tinuous for s > 0. 

To prove assertion (3) we observe that the operators 

W(is) = s-lim [E exp(- Hs/n) E]" ··-
form a semigroup of self-adjoint operators for s > 0. 
According to a well known structure theorem for such 
semigroups 11 there exists a self-adjoint nonnegative 
operator Band a projection G such that 

BG=GB=B 

and 

W(is) = G exp(- Bs) G, s > 0. 

The function z - G exp(iBz) G is holomorphic in the open 
upper half-plane and assumes the same values W(is) as 
the holomorphic function W(z) for z = is (s > 0). The 

GB =BG=B, uniqueness of holomorphic functions, then, immediate-
and ly establishes the representation (24). The semigroup 

· 12!2.P€!!Ll2~Lfor z.a,zri in the o~n upper half-plane 
W(z) =-&~J¥~1'cA,Fmz~Ed~ase 2003/04/18: ij"'--RD~~~(~l:l/ii,AAt\w9t~®~h'lt\tativity of G and B. 
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have the weal< 'iimit for operators along the real axis easily completed bi combining the conclusions of the 

w-li m W(s + i1)) e W(s) for almost all real s. 
q - 0, 

(26) 

Proof of Lemma 3: To obtain this weak limit let us 
start from the integral representation (25) rewritten in 
the form 

I' . _(s+i+iT)) 2 1· W(t) 
Hs+tTJ)- 2rri (t+i)1(t-s-i1])dl, TJ>O. .... 

On the other hand, from (22) and the Lesbegue domi
nated convergence theorem 

0 = (s + i + i1))2 1· W(/) di 
2rri •• (l+i) 2(1-s+ir)) '7J>O. 

Therefore, 

W(s + i ) = (s + i + iTJ)2 1 · W(t) 7) d 
7J rr - (l+i)2 (t-s)2+7)2 I. 

For any two vectors IJ,, ¢ in H we may write 

(1/i, W(s + i1]) ¢) 

_(s+i+i1)) 2 !~ (1/i,W(/)¢) 7J d 
- 1f (t+i)1 (t-sl1+7)2 t. --

Since the quantity (IJ,, W(t) ¢)/(1 + i? considered as a 
·.: !u_ncti.9n of I is integrable, it follows that 

lim (1/i, W(s + i1)) ¢) = (IJ,, W(s) ¢) 
~ ~ o. 

for almost all s. 

(27) 

To complete the assertion of Lemma 3 a technical 
difficulty is to be resolved. For a given pair 1/J, ¢ of 
vectors, the assertion (29) has been shown to hold for 
almost all s. The exceptional set (of measure zero) 
where this result may not hold may appear to depend on 
tlje pair i/1, cp chosen. To show that there is at most a 
single null set outside which (27) holds for all pairs 
1/J, ¢ we proceed as follows: LetD be a countable dense 
subset of the separable Hilbert space H and let N be 
the union of the countable family of exceptional null 
sets corresponding to all pairs¢,¢ with 1/JE[), ¢El). 
This set N is a set of measure zero and the weak 
limit (26) holds everywhere outside this set for 1/J, ¢ in 
D, but then (27) will hold in the complement of N for 
all pairs 1/J, ¢ not necessarily in D. In fact, writing 

A(s, 7)) = W(s + h)) - W(s) 

we may obtain 

(r/!,A(s,71) ¢)=(,P-IJ,"' A(s,7)) ¢) + (iJ,., A(s,n)(cp- ¢ft)) 

+ (IJ,ft, A(s, 71) ,P.). 

We see that for s outside. the exceptional set N the first 
two terms on the right-hand side tend to zero as n - "°, 
since we may choose · 

s-lim 1/ift = 1/J, s-lim c/in = ,P. "·• ,. .. 

preceding lemmas,! 

W(s) = wq--1i;11 W(s + i1]) = w~--li:11 C exp[iB(s + iTJ)) C 

= Gexp(iBf) C for almost all reals. (24') 

Thus H'(s) 'W"(s) = 4 for almost all reals. Accordillg to 
assumption (iv) in tihe statement of Theorem 1, 

i 

w-lim W(s) w• (}) = w-lim T(- s) r• (- s) 
,-o. I ,-o, 

J =w-limT*(s)T(s)=E. 
I •. o, 

Thus G = E and we ~ay rewrite (24) in lhe form 
i 

W(s)=Eexp(iB~)E for almost alls, 
i 

EB=BE=B. 

(28) 

(29) 

But we can now str~ngthen this relation for W(s) to read 
! 

W(s)=Eexp(iB$)E for alls (30) 

in view of the strork continuity of W(s). Combining (29) 
and (30) we immedi!ately deduce the validity of 
assertion (a). I 

' 
Although not of ptimary interest for lhe discussion 

in this paper, we rtcall the known result 3 that if H is 
semibounded, the operators EU(/) E canr:ot form a 
semigroup for I~ oiiexcept in the event o: £ commuting 
with U(t) for all re 1 t. We may subsume this result 
as a corollary to T eorem 1. 

Corollary: Let th~ self-adjoint operator H be semi
bounded, let Ebe 1 orthogonal projection and let U(i) 
stand for exp(- iHt)t If {EU(t) E 11 ~ O} form a semigroup, 
then ! 

EU(t) = U(t) E fJr all real I. . (31) 

Proof: The semi~roup property for El,;(/) E, i.e., the 
relation i 

EU(l)EU(s)E=kU(t+s)E for all real s,t (32) 
1 

will imply 

EU{l)EU*(/)E=iE for all real I 

and hence · ! 

(32') 

E-. U (t) EU* (t) ~or all real t. 

Multiplying this equl,ation from the left by U(-1) and the 
right by U*(- t) willl yield 

I 
I 

U(- I) EU*(-/) ~IE for all real t. 
I 

Together these two ~nequalities imply 

E=U(t)EU*(t) ~or all real I 
I 

or, equivalently, · 

EU(t)=U(t)E f1r all real t. 

The proof of the ciorollary is thus reduced to the 
proof o! (32) or (32'f· 

i 
Since the operators EU(t) E are assumed to form 

~ semigrnup for I ;i, p and [EU(t) E}' = EU(- t) E, for all 
The third term, by hypothe_sis; goes to zero as 71 - o. an al 

. since rJ,~, ¢ft are chosen to lie in D. (The proof of this positive integers n I d l real t we have 

lemma incorporates a·auggestion due to K. Sinha.] {EU(t/n)E]"=tjJ(t)E. 

. . I 
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Hence 

s-lim[EU(t/n) E]" = EU(t) E • T(/) ·--
exists for all real t and all the assumptions of Theorem 
1 are verified, except for (ii). But as we have pointed 
out, this assumption itseli was needed for the sole 
purpose of guaranteelng the existence of T(/) for all 
real t. Thus we can safely conclude that Theorem 1 ap
plies in this case also and hence (32) holds for all real 
t and .s. 

4. CONCLUDING DISCUSSION 

What conclusions must we draw from Zeno's paradox 
in quantum theory? Is it a curious but innocent mathe
matical result or does it have something to say about 
the foundation of quantum theory? Does it, for exam
ple, urge us to have a principle in the formulation of 
quantum theory that forbids the continuous observation 
of an observable that is not a constant of motion? 

The answer to the first two questions appears to de
pend on whether it is operationally meaningful to seek 
the probability that the particle makes a transition from 
a preassigned s1:1bspace of states EH to the orthogonal 
subspace EJ.H sometime during a given period of time. 
We have endeavored to present arguments that such 
probabilities possess operational meaning in terms of 
the outcome of successive (in the limit, continuous) 
measurements of an appropriate quantum mechanical 
observable. If this is ·accepted, it follows that to be a 
complete theory quantum mechanics must provide an 
algorithm for computing these probabilities, The quan
tum Zeno's paradox shows that the seemingly natural 
approach to this problem discussed in the preceding 
sections leads to bizarre and physically unacceptable 
answers, We thus lack a trustworthy quantum-theoretic 
algorithm for computing such probabilities. Until such 
a trustworthy algorithm is developed the completeness 
of quantum theory must remain in doubt, 

The lack of a trustworthy quantum-theoretic algorithm 
for probabilities like P(O, t; p) is intimately connected 
with the difficulties involved in defining an operator of 
"arrival time" (or, more generally, "time of transi
tion") in quantum theory,~ Let us briefly discuss this 
problem in the context of the "time of decay" of an un
stable particle. 

From the definition of P(O, t; p) it must have the 
following properties: 

(i) P(O, t; p) .o O for all t .o 0 

(ii) P(O, t; p) .o P(O, s; p) for t .o s 

{iii) P(O,t;p)-1 for t- 00 

(iv) P(O, t; p) -Tr[ p.E'-] for. I - O •• 

(33) 

(i) B(O, t),. O, · 

(ii) B(O, t)"' B(O, s)) t:,, s, 

{iii)B(O,t)-J(strongly), t-oo, 

(iv) B(O, t) -.E'- (strongly), t- 0,, 

(v) B(O, t) is a strongly continuous function oft. 

The family B' (O, t) • EB (0, t) E restricted to the sub
space EH of the (unstable) undecayed states will then 
form a "generalized resolution of the identity" (GRI). 
Unlike the more familiar (projection-valued) resolution 
of the identity, a GR.I does not necessarily determine 
a densely defined operator, but under some mild addi
tion.al assumptions (which we need not specify explicitly 
here) the GR! B'(O, t) will determine a Hermitian (though 
not necessarily self-adjoint) operator Tso that 

(1/1, 71/J)::;; f td(¢, B '(O, tl ¢) for all rJie O (T). 

The operator T thus defined may then be interpreted 
as the operator of "time of decay." 

(35) 

Conversely, if there exists a positive Hermitian 
"time of decay" operator T associated with the subspace 
EH of undecayed states and B'(O, t) denotes a GR.I asso
ciated with it, then through (33) we may define the prob
ability P(O, t; p) which may be interpreted as the prob
ability that the system prepared initially in the (unde
cayed) state p will be found to decay sometime during 
the interval (0, t]. 

Looked at from this point of view, the Zeno's paradox 
thus strengthens and sharpens the pessimistic conclu
sion of Allcoc~ and others concerning the possibility 
of introducing an observable of "arrival time" in quan
tum theory. We must emphasize that in our study here, 
the conclusion is not based on certain a priori, but 
questionable, assumptions about T; such, for instance, 
as the assumption that r-be "canonically conjugate" to 
the Hamiltonian, or that T be a self-adjoint operator in 
the Hilbert space. In the literature such requirements 
were implicitly or explicitly placed on T. 

We have so far supposed that it is operationally mean
ingiul to ask about probabilities such as P{O, t; p) and 
Q(O, t; p). We have also taken the stance that the ob
served tracks of unstable particles in a bubble chamber 
or photographic emulsion is in contradiction with the 
conclusion we have called Zeno's paradox in quantum 
theory. It is, however, possible to adopt one of the 
following attitudes: 

(1) Probabilities such as P(O, t; p) have no operational 
meaning: There is a fundamental principle in quantum 
theory that denies the possibility of continuous 
observation. 

Since so far no such principle has been derived from 
or incorporated into quantum theory, this is not a 
satisfactory way of resolving the paradox at the present 
time. 

In addition, P(O, t;p) may be assumed to be continuous 
as a function of t. If we were to succeed in finding a 
formula (2) Zeno's paradox is based on the assumption that the 

(34) . continuous measurements are ideal measurements. But P(O,t;p)=Tr[pB(O,t)], · 
measurements (or, observations) involved in the re-

then the opera. tor B(O, t) would have the following . r:f~E,'"1,\g o..(~'r,,4'Af,.1$.~hiW,~Wilifff~4particle in a detect-
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of Theorem 1 as stated and proved in this paper. It has Q(t.; 7J, p) (or Q(t.; p))Jthat pertain to the outcomes of 
the somewhat unsetUing side effect that P(O, t; p) and successive measureqients (or continuous measure-
hence the "observed lifetime" of an unstable particle ments) depend on thellaw according to which "state 
is not a property of the particle (and its Hamiltonian) collapses" occur at *-e time of measurements. Thus 
only, but depends on the details of the observation one may say that the {'collapse of state vector" caused 
process. At the present time we have no indication that by measurement, which has haunted the foundation of .. 
this is so. quantum mechanics lte an invisible ghost becomes visi

ble through probabili ies such as Q(t.; TJ, p), etc. The 
(3) The record of the track of a particle is not a con- probabilities pertaini g to the outcomes of several suc-

tinuous observation that the particle has not decayed, I cessive (as well as c~ntinuous) measurements there-
but only a discrete sequence of such observations; while fore deserve further /theoretical as well as experiment.a.l 
Zeno's paradox obtains only in the limit of continuous t study than they have eceived so far. 
observations. 

While this is tenable, the sufficiently repeated moni
toring of the particle should again lengthen the life
time. There is, ~owever, no indication that the life
time of a (charged) unstable particle (say, a muon) is 
appreciably increased in the process of its track form.a
tion through bubble chamber. To shed additional light 
on this question a quantitative investigation of the effect 
of repeated monitoring on the lifetime of particles (in 
specific models) is in progress. 13 

(4) Natural though it seems, it is wrong to assume 
that the temporal evolution of a quantum system under 
.continuing observation can be described by a linear 
o~_rator of time-evolution such as T(t). It can be de-

. scribed only in terms of a persistent interaction between 
the quantum system and the classical measuring ap
paratus. When this is done the quantum Zeno's paradox 
will either disappear or ii it survives, at least, it will 
be understandable as the drastic change in the behavior 
of the quantum system caused by its continuous, inter
action with a classical measuring apparatus. 

This point of view is at present only a program since 
there is no standard and detailed theory for the actual 
coupling between quantum systems with classical mea
suring apparatus. A beginning in this direction is made 
in a forthcoming paper, 14 

. Havfog been forced into such unusual points of view 
by the quantum Zeno's paradox one is prompted to draw 
also some parallels between it and certain empirical 
findings in the study of human awareness. We shall 
present such close parallels between the quantum Zeno's 
paradox and the findings of sensory deprivation and 
other experiments pertaining to the study of conscious
ness in a separate publication. 

In conclusion, it seems to us that the problems posed 
by Zeno's paradox have no clean cut resolution at the 
present time and deserve further discussions. It may 

\. 
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In this aniclc we give an operational meaning to an individual "Feynman path." In other words, we 
describe a process of dense measurements, made in tanporal sequence,, which cbeclr:: whether the panicle 
moves along any given trajectory in space-time. W c ,bow that in this process lk two 8SSUmptions of the 
space-time formulation of quantum mechanics, 8ft realized: (a) The weight th.at the par,icle moves along a 
trajectory· that has boen cbeclr::ed by this process is the same for all trajectories. and in fact, we show that 

the panicle follows, with probability I, the tra~tory that is being cbeclr::ed. (b) A ph= is systematically 
accumulated, so thAt, at the end of this process, the state is multiplied by the familiar factor 
exp[(i/li)f L dr]. ~ an immedia~ extension of the above formalism, we suggest a ~tup that measures the 
relative phase between any two trajectories. Fin.a.Uy, our approach points toward the possibility of extending 
the Feynman formalism in order to cover more general Hamiltonians. 

lNTRO,DUCT!ON 

1n 1948 Feynman published what is essentially a 
third formulation of quantum mechanics. 1 As is 
well known, the main idea in this formulation is to 
associate a probability amplitude,' exp [ &/n) J L dt], 
with each possible classical trajectory that con
nects two space-time points [L is the classical 
Lagrangian, and the integral is evaluaied along the 
path X(t)]. Each possible trajectory is assigned 
the aame weight, and the sum (integral) over the 
rn,1l:dbutions from all possible trajectories has to 
be car:::-ied out in order to get the transition am
plitude betwee~1 these two space-time points. 

The concept of a trajectory in quantum mechanics 
is not a straightforward one because of the uncer
tainty principle involved. 2 Therefore, attempts 
have ooen made to apply the notion of continual ob
servation' (which was mentioned by Feyn.man1 , 

p. 370) in order to investigate the operational 
meaning of the trajectories, which are the building 
blocks of this formalism. 

This notion of continuous observations (or mea
surements) in quantum mechanics has recently 
ail:racted some attention, s-7 because of the in
teresting features that were revealed. In particu
lar, the following paradoxical property of such 
measurements was found: Consider the case where 
repeated observations are carried out in order to 
find the exact moment at which a transition from 
some initial state takes place. It turns out that, · 
bec:ause of these observations, the transition never 
occurs. A particular example is the decay of an 
unstable system 4

: If the system is continuously 
observed, then it will never decay. Another ex-

21 

ample is the one of continuously observing a sys -
tern that is initially confined to afinite space re
gion,5 and because of these observations it remains 
con.fined the re. 1n this paper, we first show that the 
above paradoxical situation is a special case of a 
more general property of continuous measure
ments. Namely 1 ii one checks tvkontinuouspb -
~rvations ii a gi,en quantum system evolves 
!!,om some initial state, to some other final state, 
along a specific trajectory in Hilbert space, the 
result is always positive, whether or ·not the S't_S-

tem would have done so·on its mun accord 
- When the above result is applied to the evolution 
of ·a state along a trajectory considered by Feyn
man, we find that the particle follows, with cer
tainty, the trajectory that is being checked, There
fore, it is now meaningful to consider measure
ments of individual trajectories in space-time and 
their properties. In particular, the phase associ
ated with the probability amplitude for motion 
along a given trajectory can be evaluated. 

When this calculation is carried out, the phase 
turns out to b€ the one assumed by Feynman, 
(within a constant independent of the trajectory). 

The possibility is therefore open to consider 
setups that measure directly the relative phase of 
any two individual trajectories (which have com
mon end points); we descrioo in detail such a 
setup. 

Finally, we point out that our analysis can be 
applied to more general trajectories in Hilbert 
space than those corresponding to the classical 
trajectories. We discuss briefly the relevance of 
this to the question of extending the Feynman form
alism in order to cover arbitrary Hamiltonians. 

2235 · © 1980 The American Physical Society 
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CONTINUOUS MEASUREMENTS ON A SPIN-HALF SYSTEM 

Consider a spin-half particle placed in a con
stant magnetic field pointing in the z direction with 
the initial direction of the spin in the +x direction. 
The time evolution in this case is simply a rotation 
in the xy plane with the Larmer frequency (de -
fined by H = µ · B = tnw&,). If we now want to check 
when the spin moves out of its initial orientation 
by performing a dense set of measurements (in 
time) of&,, we find that it does not move out at all 
(in analogy to the results discussed in the litera
ture'·1). This can be seen as follows: In the in
finitesimal time /:;t the free Hamiltonian rotates 
the direction of the spin, or equivalently changes 
the state by 

I cr(/:Jt)) =exp(- {tt/:Jt) I a.=+ 1) 

where 

I a(/:;t)) is the eigenstate of the operator, 

&(/:Ji)= &,(0) cosw/:Jt + oy(O) sinw/:Jt , 

with the eigenvalue plus one. 
li we now measure o,, the probability that the 

state collapses to J°s=+ 1) is 

P.(a.=+ l)= l(a.=+ l Ja(ot))j 2 

= cos 2 w/:Jt "'1- (wot)
2 

(for wot« 1 ). 
2 4 

If we repeat the same measurement at intervals of 
ot the probability that all of them will give the 
same result is obviously [1-(wot)2/4)H. We now 
note that if ot =TIN, where T is the total period of 
observation, and we approach the limit of very 
dense measurements {.N- oo), we end up freezing 
the state in its initial value I a.=+ 1), since 

lim(l - l/N 2)H = lim exp(-1/N) = 1. 
H-•. N- .. 

For future reference we refer to this as case a. 
.case b. Still with the same system as before, 

we show how it is possible to bypass the feature of 
freezing while insisting on continuous observa
tions. To achieve this we use the so-called "de-
terministic observations ,"8 namely, we measure 
the dense set of operators defined as follows: 

... \.,.. .... 
a.= a. cosa .+ a1 sina", 

I 
i . 

n = 1, .. . N. Thus it seems that we have found a 
' I 

way to m9nitor the time evolution of a system 
without frieezing itin its initial state.g 

Case c. I In this case we show that the seemingly 
innocent deterministic observations described 
above ha~e unsuspected features. Consider again 
the spin-~aU particle, initially with a.=+ 1, but 
without a !magnetic field. Ii we measure the same
dense se~ of operators as in case b, we fioo the 
followingt 

The coJditional probability to get a"= 1 if 

a ,,-1 = + 1 f s 

P.(n);= /<a.=+ 1 la,,..1 =+ 1) J
2 

I 
i_l+cosw/:Jl_ --2( "t/ 2) 
1- 2 

COb Wv 1 

I 
I 

where w} have used the eigenvector of o. (that 
belongs }o.o.=+ 1), namely = 

,~=~ l>=·J l 1]. 
I e ,a,, 
I 

Thus, lfor sufficiently large N, the probability c,, 

finding *" =·+l in all the measurements is essential_:_ 
ly one. mus is SO even though no magnetic field V 

present; therefore, the only reasons for the spin 
rotation are those measurements. This result is 
quite s~rprising because of the accepted assump~ 
lion tha

1

t ii the outcome of a measurement of son· 
dynamical variable is certain (i.e., with probabL. 
one), t~en the sta~e of the system was not dis-
turbed./ -· 

The ~ove conclusion can also be derived by tr 
followi~ simple argument: li we analyze case a 
from aj rotating-frame -of-reforence point of vie~. 
so tha_tl in the new frame the inertial field exact= : 
cancelf the original constant magnetic field, 10 

,1 

end up jin the same situation as in case c (in which 
the col).tinuous measurements were made at the 
rate d~ctated by the Larmer frequency). There · 
fore,,· we accepted that the measurements in 
case a f~oze the system in the state !a.=+1), ':'.:, 
end up with the result of case c as a necessary-' 
cons uence. 

! 
I TI'IEPARTICLE FOLLOWS A TRAJECTORY ~ 
/ IN PHASE SP ACE 

Wet ave shown in a simple example that it is 
possi le to define a set of operators that repre~, 
sent dense sequence of measurements, sot~:- · 
the · ,ltial state of the system evolves along th 

tates of these operators, and the probabili 
to ge each of the corresponding eigenvalues ic~ 

where a.=wn6t, w is the_ Larmer frequency, aru:l one. This idea can be generalized to more co 
n = 1, ... , N. We then obviously find a.= 1 for plica ed systems, and we now apply it to_~btain : 
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21 MEANING OF AN INDIVIDUAL HFEYNMAN PATH" 2237 

operational definition of a" Feynman path." We 
recall that in Feynman's formulation of quantum 
mechanics ,1 trajectories in space-time are as -
signed equal weights, and each trajectory is mul
tiplied by the factor exp [(i/h) J L dt], L is the 
Lagrangian of the system, and the integral is along 
the trajectory. The sum (integral) of the contribu
tions of all trajectories gives the transition am
plitude between the two end points. 

As in the case of the spin-hali system, we can 
define a dense sequence of measurements which 
check whether the particle moves along any given 
trajectory in space -time. This will lead to a posi
tive answer, i.e., the particle moves along any 
chosen trajectory with probability one. 

Consider the set of projection operators 

fi "= I nXn I , for n = 1 , ... , N, 

where jn) (in the x representation) is given by 

jn)=Cexp{-(X-X(~.)]2/(2AX) 2 }exp[~P(t.)XJ . 

X(t.), P(t.) are evaluated along a particular clas
sical trajectory, at a sequence of ti.mes t" = n6t, the 
total period of observation is T and of= TIN, C is 
a normalizing factor, and AX is the uncertainty. 
Note that since the classical trajectory is smooth, 
X(t.) and P(t.) are well defined and so are oX. 
=X(t.)ot·and oP.=F(t.)ot. 

We shall now prove that if the initial state is a 
localized wave packet around X(/ 0) =X 0 , and we 
measure the set of operators fi. (while letting 
N - co), the initial state will evolve along the eigen -
states of fl. with probability one. We will also 
show that the change of the phase associated with 
the evolving state is well defined in terms of the 
sequence of operations; this change will be evalu
ated and shown to be equal essentially to the clas
sical action (divided by If). 

We first note that in the infinitesimal ti.me Ot 
between any two measurements, the state evolves 
according to the Schr5dinger equation and we can 
write the following general expression 11

: 

I I/JU" +6/)) =• In) exp(- ~<n j Ji I n)61) 

+ b II/I!)+ O(Ot2), (1} 

where If,,) is a state orthogonal to In) ¥1,d b is 
proportional to fit. If we now measure n •• 1 aoo get 
a positive answer (which is indeed the case 12

), we 
end up in the state jn+l), and the probability am
plitude for this transition is 

+O(o't). (2) 

It then follows that 
I{ I{ 

!¢(final))= jN)exp [-~ ;<n1Hln)6t] !J<n+ lln) 

+O(ot). (3) 

For a particle described by a Harniltonian 13 

H=p 2/2m+V(X), the expression(n!Hjn) turns out 
to be 

(n!Hjn) =(njp 2/2m+ V(X)!n) 

= ( ol [ P ~~;10l f + V(x -x(t.))jo) 
=P~~~)+v(X.)+ &(~

2
)+ (ol~jo). (4) 

In the limit in which 6X. - 0,14 the above expres
sion will simply be the classical Hamiltonian eval
uated along the classical trajectory X(t) plus a 
constant term independent of the trajectory. 

The scalar product of two adjacent eigenstates 
ii;i Eq. (2), gives the following contribution to the 
phase: 

i X(t ) +X(t ) , , 
--t:.p " n•l =.:..P(I )X(I )M 

1i 2 If" n 

+-/r[P(t.)X(tn)-P(t,,. 1)X(t,.. 1)]. 
.·, 

(5) 

Using expressions (3)-(5), and going to the limit 
N - "" (~ - J), we find that tl)e accumulated phase 
~sociated with the probability amplitude for mo
tion along the trajectory is the sum of the familiar 
(i/lf)]Ldt, the end terms in Eq. (5), and a term 
independent of the trajectory ((Ojp 2/2m I O)T}; note 
that the terms proportional to (6!) 2 are negligible 
because N- co as 1/ot and therefore NxO(ot 2 )- 0. 

SETUPS TIIAT MEASURE THE RELATIVE PHASE OF ANY 
TWO TRAJECTORIES 

No physical meaning can be attached to the phase 
assigned to an individual trajectory. However, our 
approach opens up the possibility of considering 
experimental arrangements that can measure in 
principle, the relative phase between any two tra
jectories. 

We shall now write the Hamiltonian describing 
such a setup. This Hamiltonian has to include the 
degrees of freedom of the measuring device (MD) 
(following the well-known approach introduced by 
Von Neumannu), in order to hzve a full description 
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of the process as well as to prove that, indeed, the 
particle follows the observed trajectory with 
probability one: 

! 

l ~o for O ,s; t c; ( 

g(I)= : 
d otherwise 
! 

~: 

21 

i ~ 

where ft "<1 > is the projection operator I n)(n I, with 
the state In) parametrized with the coordinates of 
the first trajectory, and 1t;2 > is similarly defined. 
The measuring device is described by the a;"> 

and we evetally go to the limit ( - 0, g0 -"" 

while keep· g 0( = rr. This is an impulsive mea
surement therefore ( « M. H 0 is the Hamil

tonian dearr,ibing the particle and HJJ.D is the 
Hamiltoni of the apparatus not including the 
interaction term, (we obviously demand 
[o)~>,HMD] Oand[a/ 0 >,Hl,(0 ]=0,i=x,y,z). = 

fJ."' > is th~ operator describing the spin of a par- ~ 
ticle in the/measuring device that, according to 

(n = 1, 2, ... , N), such that initially they are, say, 
in the spin-up state, and by a proper choice of the 
functiong(t) (as given afterwards), a registration 
(a positive result in the measurement of the pro
jectiQ_n operator jn)(n j) at t =t" =n6t will be in
ferred-from the fact that the nth spin did not flip. 

its initial 1a1ue, the process of dense measure
ments will 1evolve, i.e., if a ~0 >= + 1 the process will-" 
evolve aloifg trajectory one, ii a.CO J= - 1, along tra
jectory tw~, and if in a superposition of the two 
state, the rocess of measurements will also be a :__ 
supe:rposit on of two processes, in the sense de- -
scribed be ow. We will show that if the initial 

The function g(t) is defined as follows: state of th whole system is given by 

j lJl{O)) = 72' exp( - (x -x 0 )
2 /(2Ax)2] [exp(ixp0) j a,<o >:+ 1) exp ti oPo) 

. N 

+ exp(~xp~)l a ;0 >= -1) exp (- ~x 0P~) ]!J j a/">=+ 1) 

H I 

""'Cexp[-(x-x 0 )2/(2Ax) 2 ]ja; 0 >=+1)TI,,. la,c">=+_l) : 
+..+ I (7a)-, 

[the last (approximate) equality is due to t:..x - O; remember that "]e always go to this limit 14], then the final 

state will be . I ,=, 

! 1P(final)) ex rzexp{-[x -x(t")J2 /(2Ax )2
} [1 a,<o >: + 1) + exp(ii a) 11,lo >= -1)] u I a,<">=+ 1), (7b 

where a. f 1 Ldt - f 2 L~; this means that the directi~n of the zer:oth spin i~ sensitive to a. 
Let us outline the steps that lead to the above result: First, as~ume that the initial state (of the whole 

system) is the one corresponding to the measurement of the first/trajectory; then we find that the state 
evolves as follows: I · 

(a) In the infinitesimal time (it before the first measurement w4 end up with [see Eq. (1)] 

I o(t)) = [1 O) exp (-}(DI HI 0)6! -f x;P,) >b I ;'J+ O(Ot'>] I MD'") 

1
1 

I 

where I MD<0>) means no spins have been flipped in the measurinF device, etc. 
(b) At t = (it we have an impulsive measurement (i.e., only the 1teraction with the MD is relevant1~). ThiE 

changes I 1P(t)) into i -

J ¢(t = 6t)) = [(110) exp (-~{OI HI 0)6t -ix 0P 0) + O(Ot2)] j 1) I MD+ 

+ [ (,Jf, I 0) ,xp(-i (o I Hi O)Ot -x,P ,) + O(ot)] lo/r,) I MDI"), 
i 

where I iti> is a state orthogonal to 11). 1 

This proc~ure _can be re1>;eated, i.e., the free Hamiltonian act~ on the state (in between measurement , 
and then'the interaction term (which is impulsive) talces over, 1lc., N times. 

1 

I 
, I 
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Letting N- 00 and ot - 0 while keeping Not= T we realize that the probability that one of the spins had 
been flipped (in the measuring device) is a sum of N terms each proportional to (ot) 2 (and higher orders), 
so that N(ot)2 -N- .. o. This is so because of the fact that terms in the amplitude that are proportional to 
6t are multiplied by orthogonal states of the measuring device. Then, using Eqs. (3)-(5) we can write the 
final state as follows: 

If we superpose two such states coming from dif
ferent trajectories and recall that AX - 0 (which 
will make the end term disappear), we end up with 
the final state given by Eq. (7b), which means we 
also observe the relative phase between any two 
trajectories. 

CONCLUSIONS 

In this paper we have shown that it is possible to 
define trajectories in Hilbert space connecting 
any two states. If one measures successively a 
dense set of projection operators corresponding to 
the states that define a trajectory, 16 onemoves with 
probability one from the initial state to the final 
state thrm:1gh the whole set. 

We pointed out that the problem of freezing a 
state as a result of continuous cbservations is a 
particular case of this more general notion of tra
jectory. We have applied the above notion to give 
an observable meaning to an individual Feynman 
path, and we have shown that a phase is systemat
ically accumulated during this process of observa
tion. 

An experimental arrangement was suggested in 
order to measure the relative phase between any 
two trajectories; this phase was shown to agree 
with the one postulated by Feynman. The concepts 
of trajectories and their associated phases can 
serve as the starting point for an extension of the 
Feynman formalism to include more general Ham
iltonians (see the Appendix). These ideas will be 
further discussed in a future publication. 
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APPENDIX 

Consider, for example, the following trajectory 
that does not have a classical counterpart. We use 
the eigenoperators of the two-slit experiment6 · 
which are defined as follows: 

_ sin(?Tx /l) 
a3 = I sin(1Tx1n1 , 

a1 = cos(pl/h) - sin(pl/hp 3 , 

cr2 = sin(pl/h)+ i cos(pl/h)o 3 , 

wherex is the position operator along the line con
necting any two given points in space, and the ori
gin (x = 0) is in the middle- of the two. 

Assuming that the initial state IO) and final state 
jN) of the previous example are localized wave 
packets with negligible overlap, we can define a 
trajectory c0IU1ecting them, as follows: 

Let us call j 0) and jN) the "spin-up" and "spin
down" states of /J3 , respectively. Then, if we per
_form the sequence of measurements oa, = o3 cosa" 
+a 2 sina., n= 0, 1, ... , N, where a.=n;;/N and let 
N - oo, we find that the initial state I 0) will evolve 
along the trajectory defined by the eigenoperators 
of. a"", finally reaching the state jN) .17 The proof 
goes in complete analogy to the one we gave for the 
spin-half system. Note that in this last example 
the Hamiltonian includes a nonlocal term. 18 

1n the above-mentioned articles (Refs. 3-6). 
Jy, Aharonov et al., Int. J, Theor. Phys. 3, 443 (1970). 
1Note thaJ; 1n the case of the decaying system, the de

terministic measurements have to Involve also the field 
degrees of freedom. 

1~bls ls equivalent to the unitary transformation 
U= exp [(t/,r)(wM/2)) where H= µ · B & 1itdJ/2. 

11!hls ls evident from the folloWing relations: 

f(tl= j,(o> + i><o)6t+ o(ot 2>, 
~(O) = (1/or)bj,(O) (Schrcxlinger equation a.t t = O); by in-
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sert!ng (b) Into (a) we get 

ffll= 1/'(o) + (1/0f)Hi/i(o)ot+ o(6t 2l, 

(¢<o)li/iU}= 1+ (1/m)(O!Hl~ot+ o(6t 2l 

= exp 1- (t/,rJ(oJBl~6tJ+ o(6t 2l. 

Now we write an alternative Identity for I 1/i(tl), namely, 

f(I)= ai/i(O)+bi ,J,t), 

where a= exp [(i/lr)(OIHIO) 6t J+ 0(6! 2
) and I t'h.\ is an 

orthogonal st.ate to 1/i(O). Finally we note that b ~ 6! 
since 

1 = (i/i(t)l 1/'(t)) = lal 2(1/iJ 1/,o) + (1P~ 1/'t)I b 12 

a.nd because (1/J (O) I 1/i(O)) =1 and (1/i 11/Jt) = 1, 
I bl 2 =1- I al 2 =0(6/ 2). 

12See a detailed analysis of the measurement in the last 
section of the paper, but note that a straightforward 
proof can be given in analogy to the spin case, where 
the only d!iferences are the following: (a) Instead of 
the magnetic field we now have a more general Hamil
tonian, but still the probability that the state escapes 
from the original one is of the order (61) 2 (more exact
ly, I (n I t) I 2 = 1 - [(6t) 2 ;1f2 J (b. E)2 + 0(613), ,;,,•here ti E is 
the uncertainty of the energy in the state Ir.) and I t) 
is the state between t,, and tn+1). (b) Instead of measur
ing the same projection operator at inten-als 6t, we 
now measure projection operators of states that are 
"slightly" shifted, namely, I (n + lln) 12 ~ (6tf. It is 

easy to lsbow now that I ~ + 11 t) I 2 - (6tl 2, and fro::i -· 
this poipt the argument follows the one given in the spin 
case. j 

131t can be generalized straightforwardly to the th.rec di""' 
menslor: case Including a vector potential. 

URecall • at we demanded n:. ii~+ 11 n) 2 -1 a.a N- "', 
which I satisfied if l(6x)nu.x /t;.xfN-0 as N - 00 (~e
cause l~n+ ljn)l 2 -exp(- (6x/t;.xYJ and (6x}m.,. Is t.:e = 
max!m'f1 distance between the centers of two edj..::eo 
Gausslii-ns along the traje~tory), then using the fB.i:: 
that N=J T/6t a.n::I (6x)rn.u= Xmu 6t we get 

! = 

~o 
,ln=[nn 6!-Q • 

This °leans that we first have to go to the limit &; - C 
and then to choose t:..x arbitrarily small. 

15See, fo~ example, Y. Aharonov and J. L. Safko, .-1.nn. 
Phys.{'N. Y.) 91, 279 (1975). 

16In the ense that if a total of N measurements a.re ~ 
(in so e given period of time T) then the probability= 
of sue eas ln each measurement has to be at least of 
the or r (1 - l,M2), and N » 1. 

11The pa'rticle makes quantum jumps from its initi..'. pr 
aition io the final position without going through ::,er

. mediat.e ones. 
1'The niallzation of these types of Hamiltonians is :on

sider:¥ in a recent paper by Y. Aharonov and E. :er:::._ 
er, P,s. Rev. D 20, 1877 (1979). . 
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Signi,ficance of Electromagnetic Potentials in the Quantum Theory 
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In this p:ipcr, we discus; some intc~c-s\ing properties of the tlectroma;;;-.etic potentials in tbe quantum 
domain. \\'c ~hall show that, contrary tn the. conclusions of cla,sical mech;i:-,ic.;, there exi;t cffe:cts 0f pc,tcn
tials on chargcJ particles, even in the rc·gion whcr<; all the ficlcb (and thercfnre the forces on the p:irticks) 
vani,h. \\'c_sh:ill then discu,, po,~il,\c experiments tn test lhrse c0nclusio~.;; and, finally, we shall suggest 
further possible dc\·dopments in the inlrrpretation of the pot('n:i:i.l;. 

30 

J. INTRODUCTION 

I >i classic\\ electrodynamics, the Ycctor and srnbr 
pot<:nti:ds were first introduced as a conY<:nient 

niathernatic:al aid for calculating the fields. It is true 
th;1'. in order to obtain a classical canonical formalism, 
the potentials are need rel. N everthelcss, the funcla
rncntal cqmtions of motion can alw-ays be expressed 
directly in Lcrn:s of the fields alone . 

assume this aln,ost e\·ery\\'herc in tile foJ101Yiag dis
cussions) we h:\'c, for the rc.;ion inside tbc cage, 
J[ = Ile.+ F (1) \\':JE:re Ho is the Hamiltonian ,,..l:cn the 
generator is ml. functioning, antl 1'(/)=ei;,(1). If 
i/;o(x,t) is a solution of the Hamt1tonian H0, then the 
solution for II will be 

. In the quantum mechanics, however, the canonical 
foim~lism is ncccs~ary, and as a result, the potentials 
rannot be eliminated from the basic equations. Never
theless, these equations, as well as the physical quan
tities, arc all gauge invariant; so that it may seem that 
c·nn in quantum meclmnics, the potentials themselves 
ha\'C no independent significance. 

In this paper, we shall show that the above conclu
sions arc not correct and that a further interpretation 
of the potentials is needed in the quantum mechanics. 

f=f0rist1;, S= J V(t)dt, 

which follows from 

The: new solution differs from the old one just by a 
phase factor and this corresponds, of course, to no 
change in any physical r<:sult. 

Now consider a more complex experiment in which a 
single coherent electron beam is split into two p::.rts an<l 

2. POSSIBLE EXPERIMENTS DEMONSTRATING each part is then allowed to enter a long cylindrical 
THE ROLE OF :I>OTENTIALS IN THE metal tube, as shown in fig. 1. 

QU~TUM THEORY After the beams pass through the tubes, they arc 
In this section, we shall discuss several possible ex- combined to interfere coherently at J,', By means of 

l•erimcnts which demonstrate the significance of poten- time-determining electrical "shutters" the beam is 
ti:ils in the quantum theory. We shall begin with a choppe:cl into wave packets that are long compared 
~:rnplc: example. with the wavek:ngth }., but short compared with the 

Suppose \\'C have a charged particle inside a "Faraday length of the tubes. The potential in c:ach tube is deter
r:\gc" connected to a11 external generator which causes mined by a time delay mechanism in such a way that 
thl· potential on the cage to ahernatc in time. This will the potential is zero in region I (until each packet is 
:?clc\ to the Hamiltonian of the particle a term F(:i:,t) well inside its tube). The potential then grol'.'S as a 
which is, for the region inside the cage, a function of function of time, but dificrently in each tube. Finall)-., 
time: on1y. ,In the nonrelativistic limit (and we shall it falls back to zero, bc:fore the c:lcctron comes near the 

485 
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F" 

F1G. L Schematic experiment to demonstrate interference with 
time-dependent scalar potential. A, B, C, D, E: suitable devices 
to ~parate and divert beams. Wi, Wi: wave packets. M1, Mi: 
cylindrical metal tubes. F: interference region. 

other edge of the tube. Thus the potential is nonzero 
only while the electrons are well inside the tube (region 
II). When the electron is in region III, there is again no 
potential. The purpose of this arrangement is to ensure 
that the electron is in a time-varying potential 'l\'ithout 
ever being in a field (because the field does not penetrate 
far from the edges of the tubes, and is nonzero only at 
times when the electron is far from these edges). 

Now let f(x,t) =f 1°(x,t)+fl(x,t) be the wave func
tion when the potential is absent Cf 1° and f2° repre
senting the parts that pass through tubes 1 and 2, 
respectively). But since V is a function only of t 
wherever v, is appreciable, the problem for each tube 
is essentially the same as that of the Faraday cage. The 
solution is then 

where 

It is evident that the interference of the two parts at 
F will depend on the phase difference (S1-S2)/h. Thus, 
there is a physical effect of the potentials even though 
no force is ever actually exerted on the electron. The 
effect is evidently essentially quantum-mechanical in 
nature because it comes in the phenomenon of inter
ference. \Ve are therefore not surprised that it does not 
appear in classical mechanics. 

From relativistic considerations, it is easily seen that 
the covariance of the above conclusion demands that 
there should be similar results involving the vector 
potential, A. 

The phase difference, (S1-S2)/h, can al.so be ex
pressed as the integral (e//i).f rpdt around a closed 
circuit in space-time, where ,p is evaluated at the place 
of the center of the wave packet. The relativistic gener
alization of the above integral is 

where the path of integration now goes over any closed 
circuit in space-time. . 

As another special case, let us now consider a path 
in space only .(t= constant). The above argument 

I 
Fie. 2. Schematic exp<:riment to ~emonstral: interference 

?rith time-ind~ndent v~tor pote?Jt1al. 

I 
suggests that the associated pha~e shift of the electron 
wave function ought to be I 

e fl 
AS/h= -- /A·dx, 

ch ! 

where .fA·dx=fH·ds=¢ (th~ total magnetic f!I.L, 
in.side the circuit). / 

This corresponds to another ~xperi.mental situation. 
By neans of a current flowin$ ~hrougb a very closely 
'l\'ound cylindrical solenoid of r1dius R, center at the 
origi:i. and axis i~ the z ~irection1,,we cre~te .a rnagnet:c 
field, H, which is essentially coljillned w1thm the sole
noid. However, the vector J1tential, A, evidently, 
cannot be zero everywhere outsi~: th: solenoi~, ?ecame 
the total flux through every ftrcu1t contauung the 
origi:i is equal to a constant J 

¢0= J H··ds= jA·dx. 

I 
To demonstrate the effects of te total flm:, 'i>e begin, 

as before, with a coherent beam 
1
of electrons. (But no: 

there is no need to make wave packets.) The beam is 

split into two parts, each going ~n opposite sides of the 
solenoid, but avoiding it. (The sblenoid can be shielded 
from the electron beam by a thJin plate which casts a 
shadow.) As in the former ex~mple, the beams are 
brought together at F (Fig. 2). I 

The Hamiltonian for this case/ is 

[P-(e/4.\]2 
H I . 

2m 
I 

In singly connected regions, i·here H=vXA=O, we 
can always obtain a solution for ,the abo,·e Hamiltonian 
by taking y,=f 0riSJA, where v,b is the solution when 
A=O and where VS/h= (e/c)A. !But, in the experiment 
discussed above, in which we ha{e a multiply connected 
region (the region outside the isolenoid), foriS/A is a 
non-single-valued function 1 anl therefore, iri general, 
not a permissible solution of chrodinger's equation. 
Nevertheless, in our problem it is still possible to use 
such solutions because the wai"e function splits into 
two parts y,=f1+v,,2, where y,1 ;epresents the beam on 

! 
1 Uclcss r:,,-11hc/e, where II is an in:tegcr. 
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one side of the solenoid and V'! the beam on the opposite 
side. Each of these beams stays in a simply connected 
region. \\'e therefore can write 

where S1 and S2 are equal to (e/c)JA·dx along the 
paths of the first and second beams, respectively. (In 
Sec. 4, an exact solution for this Hamiltonian will be 
giYen, and it will confirm the :above results.) 

The interference between :tbe two beams will evi
dently depend on t.h.c phase difference, 

This effect will exist, even tbougb there are no magnetic 
forces acting in tbe places ·•,bere the electron beam 
passes. 

In order to avoid fully any possible question of 
contact of the electron with tbe magnetic field we note 
that our result would not be changed if we surrounded 
the solenoid by a potential ibarrier that reflects tbe 
·c1ectrons perfectly. (This, too,, is con.firmed in Sec. 4.) 

It is easy to devise hypothetical experiments in which 
the vector potential may inflmence not only tbe inter
ference pattern but also the llilomentum. To see this, 
con.sider a periodic array of sooenoids, each of which is 
shielded from direct contact v.ath the beam by a small 
plate. This will be essentially :a grating. Consider first 
the diffraction pattern without the magnetic field, which 
will ha,·e a discrete set of ciirections of strong con
structiYe interference. The effe,ct of the vector potential 
will be to produce a shift of the relative phase of the 
'l>aYe function in different elements of the gratings. A 
corresponding shift will take place in the directions, 
and therefore vie momentum of the diffracted beam. 

3. A PRACTICABLE EXPE,RIMENT TO TEST FOR 
TRE EFFECTS OF A POTENTIAL WHERE 

THERE ARE 1'0 FIELDS 

As yet no direct experiments have been carried out 
~·hich confirm .the effect of potentials where there is no 
field. It would be interesting therefore to test whether 
such effects actually exist. Such a test is, in fact, within 
the range of present possibilities.2 Recent experiments'·' 
have succeeded in obtaining interference from electron 
beams that ha.ve been separated in one case by as much 
as 0.8 mm.3 It is quite possible to wind solenoids which 
are smaller tban this, and therefore to place them 
between the separate beams. Alternatively, we may 
obtain localized lines of flux of the right magnitude (the 

1 Dr. Chmlx!rs is now making 1. preliminary cxperimcnta.l 
study of this question at Bristol. 

1 L. Marton, Phys. Rev. 85, 1057 (1952); 90, 490 (1953). 
~futon, Simpson, and Suddeth, Rev. Sci. Instr .. 25, 1099 (1954). 

'G. ?l.!ollcnslcdt, Natu~ten, -42, 41 (1955); G. 
:VoUcnstC9t and H. Duker, Z. Physik 145, 377 (1956). 

magnitude has to be of the order of ¢,o= 2ircn/,.....,4X 10----7 

gauss cm~) by means of fine permanently magnetized 
"whiskers".' The solenoid can be used in )Iarto9's 
device,1 while the whisker is suitable for another experi
mental setup• where t.h.e separation is of the order of 
microns and the whiskers are even smaller than this. 

In principle, we could do the experiment by observing 
the interference pattern with and without the magnetic 
flux. But since the main effect of the flux is only lo 
displace the line pattern without changing the interval 
structure, this would not be a convenient e:,,,-periment 
to do. Instead, it would be easier to vary the magnetic 
flux within the same e>..'Posure for the detection of the 
interference patterns. Such a variation would, according 
to our previous discussion, alter tbe sharpness and the 
general form of the interference bands. This alteration 
would then constitute a verification of the predicted 
phenomena. 

When the magnetic flux is altered, there will, of 
course, be an induced electric field outside the solenoid, 
but the effects of this field can be made negligible. For 
example, suppose the magnetic flux were suddenly 
altered in the middle of an exposure. The electric teld 
would then exist only for a very short time, so that o:1ly 
a small part of the beam would be affected by it. 

4. EXACT SOLUTION FOR SCATTERING PROBLE!.!S 

We shall now obtain an exact solution for the problem 
of the scattedng of an electron beam by a magnetic 
field in the limit where the magnetic field region te:ids 
to a zero radius, while the total flux remains ·faed. This 
corresponds to the setup described in Sec. 2 and shown 
in Fig. 2. Only this time we do not split the plane wave 
into two parts. The wave equation outside the magnetic 
field region is, in cylindrical coordinates, 

[ 
a2 

1 a 1 ( a ) 1 J -+--+- -+ia +k2 ,J,=O, 
ar1 r ar r2 ae 

(1) 

where k is the wave vector of the incident particle and 
a= -~/ch. We have again chosen the gauge in which 
A,=0 and A,=¢/27rf'. 

The general solution of the above equation is 

., 
,J,= I: ei"'1[a,,.l,,.+a(kr)+b.J_(m+al(kr)], (2) 

...-{--<to . 

where a,,. and b .. are arbitrary constants and J ...+a (kr) 
is a :Bessel function, in general of fractional order 
(depr'1dent on ¢). The above solution holds only for 
r> · '· r r<R (inside the magnetic field) the solution 
has b _. r. worked out. 6 By matching the solutions at 
r=R it is easily shown that only Bessel functions of 
positive order will remain, when R approaches zero. 

1 See, for cumple, Sidney s. Brenner, Acta Met . .f, 62 (1956). 
• L. Page, Phys. Rev. 36, 444 (1930). · 
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This means that the probability of finding the particle 
inside the magnetic field region approaches zero with R. 
It follows that the wave function would not be changed 
if the electron were kept away from the field by a barrier 
whose radius also 1vent to zero with R. 

The general solution in the limit of R tending to zero 
is therefore 

"' 
,;., = :[ a,.,J 1 ... +a1e i"". (3) 

... -
We must then choose a., so that y., represents a beam 

of electrons that is incident from the right (8=0). It is 
important, however, to satisfy the initial condition that 
the current density, 

h(,/;*'vf-f V,/;*) e 
j = -A,/;*iJ.,, (4) 

2im me 

shall be constant and in the x direction. In the gauge 
that we are using, we easily see that the correct incident 
wave is lfioc= e-ikre-i 01 • Of course, this wave function 
holds only to the right of the origin, so that no problem 
of multiple-valuedness arises. 

We shall show in the course of this calculation tba: 
the above conditions will be satisfied by choosing 
a,.,=(-i)lm+af, in which case, we shall have 

"' 
f= L (-i) 1"'+"111m+a1eim.l. 

... -
It is convenient to split,/; into the following three parts: 
y;= 1h+f2+,/.ta, where 

., 
1"1= :[ (-i)"'+"Jm+ae;"", 

... -1 

-1 

1"2= :[ (-i)"'+"f .. +ae;"'~, 
,,___.., 

.. 
= :[ (-i)'"- 0 1,._ .. c-ima, cs) 

... -1 

Now f 1 satisfies the simple differential equation 

where we have used the well-known formula for Bessel . . 
functions:' 

As a result, we obtain 

(7) 
1 ., I 

= - L (- i)"''+a J .. ·+aei"'''1( - ie ;a+i-ic ii) 
2 .. ·-1 i 

1+H-i)0 [J a+1-fri1 J .. ]. 
So i 

I 

cty.,1/ ar' = -i cos01,V1+~ ( -i'i)" (J a+l - if .. e ~). 
I 

This differential equation caq be easily integrated to 
g~e i 

r' I 

·,h =Al eir' '°"'Ut+1-iJ .. eil]dr', 

where 1 

(8) 

A= !(-i)"ef"' co.J. 

The lower limit of the integration is determined by the 
requirement that when r' goef to zero, f 1 also goes to 
to zero because, as we have J seen, f 1 includes Bessel 
functions of positive order onlty ... 

In order to discuss the astmptotic behavior of >/,1, 

let us write it as f1=A[I1-I;2], where 
! 

' 
I1= J"' ei,'c:o~[Ja~i-ie"'Ja]dr', 

o I 

Ii= J"' ei•'00"'[Jt1-ieilJa]dr 1
• 

. I 
The first of these integrals is ~no"·n7 : 

J
., ei!auc ,in(/!/~)] 

e;~,J .. (kr)= i , O<{J<k, 
o (P-.B~)l/ 

! 
i 

In our cases, {3= cos8, k= 1, 5f that 

[

eia(lr-ffl) ! eiCa+l)(lr-111)] 

! 1= iet . 
I sin!/ I ! I sin8 i 

I 

(9) 

-2<a. 

(10) 

Because the integrand is evetj in 8, we ha\"e written the 
final expression for the above integral as a function of 
I 8 / and of I sinBI. Hence I · 

[
~e-illl-ie;'] 

I1=ei"(l..-111> f lsin8\ 

=0 for O<d, 
i (11) 

= C""'
12i0 f9r 8> 0, 

I 

where we have taken 8 as go~ng from -1r to ir. 

7 Sec, for example, \\', Griiboerlond N. Hufreiter, Intcgra/UJ{d 
(Springer-Verlag, Berlin, 1949). i • 
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\\'c shall sec Jmscntlr th:it ! 1 represents the hugest 
ll'J"lll in the asymptotic cxpi\nsion of i/;1. The fact that 
it is zero for O<O shows that this part of ~·1 passes 
(asymptotically) only on the upper side of the singu
larity. To explain thb, \\'C note that i/,-1 contains only 
positive valnes oi m, and therefore of the angular 
rnomentun1. It is quite natural then that this part of t/,1 

~:ocs on the upper side of the singularity. Similarly, 
since· according to (5) 

t/;2(r',O,a.) =f1(r', -0, -a), 

it follows that {: ·sill behave oppositely to { 1 in this 
regard, so that to;2ther they \\'ill make up the correct 
incident \\'a\·e. 

J\O\\', in the Jim:t of r'-; cr.J we arc allO\l'C:cl to take 
in the integrand o: 1 ~ the first asymptotic term of J 0 ,

6 

namely ] 0 -; (2/,.,)1 cos(r'-!a-i-,r). \\'c obtain 

12= J"' c;·'co..!i(Ja+t-iC;e.Ta)dr'-;C+D, 
r 

Jz dr' (2)l 
C== C;,·,o,e[rc,/r'-~(a+l)r.-.\,.)J-·,- - , 

,. (r) I " 

I.,, dr' (2)l 
/)c., c;,•,, .. ~[ros'.r'-~a-lrr)]-- - (-i)r•~. 

r (r') l T, 

Then 

C= J"· ci,' <u•f[e ;~-·-lln+1 •,-l •l 

r 

dr' 
+cilr'-j(o+IJ•-l•l~-

(2,.,')? .: ( 2) ! (- {)o+l f ., 
= - . exp( +i::})dz 

7i (l+cos._11)! fr'(L+<v"8l)l 

(12) 

( 13) 

+ (:) ! j•-H • J"' exp(- iz2)dz, (1-l) 
'IT' (1-cosO)l 1,1 0-cu.,eJJl 

where we have pul 

z=[r'(l+cos8)]1 and z=[r'(l-cosB)]l, 

respectively. 
Using now the \\'Cll-kn~\\'n asymptotic behavior of 

I he error fund ion,' 
. -
f
"' 1· cxp(ia 2) 

cxp(iz 2)d:;--+ - , 
• 2 a 

· J"· -ic:xp(-ia 2
) 

exp(-iz~)J~ -t - , 

a • 2 a 

(15) 

1 E. Jahnke nncl F. Emde, Tal,/es {If F111rcli1111s (Do\'cr l'uh
lication~. Jue., Kew York, 19-13), fourth cditiC111, p. BS. 

, Rdcrcncc 8, p, 24. 
\ . 

\l'C frnally obt;i:n 

C=[(-i)"+l 1-_e_i,_' --

(2")1 r'(l+cos@F]I 

jo+l c-ir' ] 
+------- eir':o·&, 

(2 .. ) l [r' (1- co~orJ 

[

( -i)"-l 
D= -----

(h)! [,'(l+co~/1) 2]1 

4S1J 

( l G) 

No\\' adding (16) ond (17) together and using (n) and 
(9), \\'e find th;:,t the term of 1/(r')l in the as::mplotic 
expansion of t/;1 is '-

(-i)! [ efr' l+c' 1 c-ir' 1-ei! J 
-- (-1) 0 ---+i-· . (1S) 
2(2"f (r')l l+cosO (r')l 1-cos!' 

l'sing ;:g;:in t):•: n.:bt:on lH·ll'.'i:cll {1 :rnrJ y~ \ ~ olJ:::in 
for the corresr•:in<ling term in if,~ 

(-i)l[ cir' l+e-il e-ir'l-·c-;;] 
-- (-1)- 0 ----·-+i------. (ltJ) 
2(2r.)l (r')! l+ro,,O (r')! 1-cos:·· 

Adding (1 S) a1:d (19) !trnl using (11), we lina}Iy gt:t .. 
(-i)i[ic-ir' cir' cos( .. c,-~O)] 

¥11+f2-;-- --+-------
(2r.} (r')l (r')l cos(,~O) 

There remains the contribution of V'J, \\'hose as::-mplotic 
behavior is [sc-e Eq. (12)] 

(-i)l"!f1a1(r')-; (-i)lui(~)! cos(r'-t'IT'-~laj"). 
Tir 

Collecting all terms, \l'e find 
eir' e-~,ri 

f =f1+f~+,J,,,-; e-i(oHr' co•!J+--- sin1m----, 
(2To-ir') I cos(0/2) 

(21) 

where the ± sign is chosen a<.:rnr<ling to the sign of a. 
The first term in equation (21) reprC's~nls tht incidc.:nt 

wave, and the: second the scattered \\'a\'c:.10 The.: scat
tering cross sc:ction is thc.:rc:forc: 

sin'111LJ 1 
u=-=--.----. (22) 

2,, cus2 (0,'2) 
10 In this way, w~ \'Criry, c,f cc,t:r.s<', lhal our c},,,ic-c r,: tl1t· a,., fur 

ECJ, (J) satisfi,;s the correct l,ounda~r cor.ditior,;;. 
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I 
\\ 'hen a= 11, where II is an integer, then rJ vanishes. 
This is analogous to the Ramsauer effect.11 

(J has a 
maximum when a=n+!. 

The asymptotic formula (21) holds only when we are 
not on the line 8= ,r, The exact solution, which is needed 
on this line, would show that the second term will 
combine with the first to make a single-valued wave 
function, despite the non-singlt-valued character of the 
two parts, in the neighborhood of 8=1f'. \\'e shall see 
this in more detail presently for the special case a= 11+!. 

In the interference experiment discussed in Sec. 2, 
diffraction effects, represented in Eq. (21) by the scat
tered wave, have been neglected. Therefore, in this 
problem, it is adequate to use the first term of Eq. (21). 
Here, we see that the phase of the wave function has a 
different value depending on whether we approach the 
line 8= ±,r from positive or negative angles, i.e., from 
the upper or lower side. This confirms the conclusions 
obtained in the approximate treatment of Sec. 2. 

We shall discuss now the two special cases that can 
be solved exactly. The first is the case where a= 11. Here, 
the wave function is tf,= e-ih,-iae, which is evidently 
single-valued when a is an integer. (It can be seen by 
direct differentiation that this is a solution.; 

The second case is that of o:= 11+1. Because] c"+l> (r) 
is a closed trigonometric function, the integrals for ..;., 
can be carried out exactly. 

The result is 

ii f [,'(l+oo>BJJI 

tf,=-ci(~,· co.6) . exp(i:~)d:. 
vJ. 0 

(23) 

This function vanishes on the line 8= 'If', It can be seen 
that its asymptotic behavior is the same as that of Eq. 
(2) with a set equal to ti+!. In this case, the single
valuedness of if; is evident. In general, however, the 
behavior off is not so simple, since f does not become 
zero on the line 0=1,, 

5. DISCUSSION OF SIGNIFICANCE OF RESULTS 

The essential result of the previous discussion is that 
in quantum theory, an electron (for example) can be 
influenced by the potentials even if all the fiekl regions 
are excluded from it. In other words, in a field-free 
multiply-connected region of space, the physical proper
ties of the system still depend on the potentials. 

It is true that all these effects of the potentials depend 
only on the gauge-invariant qua:1tity .f A·dx= fH·ds, 
so that in reality they can be e"I)ressed in terms of the 
fields inside the circuit. Hol\·r. ·· . .1ccording to current 
relativistic notions, all fields ri, . ·· ;n teract only locally. 
And since the electrons cannot reach the regions where 
the fields are, we cannot interpret such efftcts as due 
to the fields t~emselves. 

11 See, for example, D. Bohm, Q11011t11m Theory :Prentice-Hall, 
Ice., Englc1YOod Cliffs, New Jersey, 1951). · 

' In classical me;::hanics, wet
1 

recall that potentials 
cannot have such significance , ecause the eqU2tion of 
motion involves only the field quantities themselves. 
For this reason, the potentialsl have been regarded as 
purely ma them.a ti cal auxiliari~s, while only tbe field 
quantities were thought to ~ave a direct physical 

• I meaning. 1 

In quantum mechanics, the dseotial di.ffereoce is that 
the equations of motion of a pa~

1

ticle are replaced by the 
Schrodinger equation for a ave. This Scbrodinger 
equation is obtained from a ca onical formalism, which 
cannot be expressed in terms iof the ~elds alo.1e, but 
which also requires the potent~als. Indeed, the poten
tials play a role, in Schrodinger's equation, n-hich is 
analogous to that of the inde} of refration in optics, 
The Lorentz force [eE+ (e/c)v

1

. XH] does not appear 
anywhere in the fundamental tjheory, but appe-i_rs only 
as an approximation holding ~ the classical limit. It 
would therefore seem natural{' t this point to propose 
that, in quantum mechanics, e fundamental physical 
entities are the potentials, wh le the fie!ds are derived 
from them by differentiations. 

The main objection that co~ld be raised agafilt the 
above suggestion is groundedf'n the gauge im-ariance 
of the theory. In other wor , ii the potentials are 
subject to the transformation AP---+ A/=Ap+a,,r,/ax", 
where ,{I is a continuous sca~r function, then all the 
known physical quantities arf left unchanged. As a 
result, the same physical behl'or is ob~ined from any 
two potentials, A1.(:r) a'.nd A/ x), related by tbe above 
transformation. This means , at insofar as tbe poten
tials are richer in properties t an the fields, there is no 
way to reveal this additional 'chness. It was therefore 
concluded that the potentials sannot ha\·e any c::ieaning. 
except insofar as they are ysed mathematically, to 
calculate the fields. J 

\Ve have seen from the erples described in this 
paper that the above point ,f view cannot be main
tained for the general case. course, our discussion 
does not bring into question I the gauge invariance of 
the theory. But it does show ~hat in a theory Lr1volving 
only local interactions (e.g., 1Schrodinger's or Dirac's 
equation, and current quantµm-rnechanical field the
ories), the potentials must, in certain cases, be con
sidered as physically effectivd, even wben there are no 
fields acting on the charged p~rtic'lcs. 

The above discussion sutgests that some further 
development of the theory jis needed. Two possible 
directions are clear. First, ~j may try to formulate a 
nonlocal theory in which, lr example, the electron 
could interact with a field at was a finite distance 
away. Then there would be o trouble in interpreting 
these results, but, as is we~ll known, there are severe 
difficulties in the way of doi g this. Secondly, we may 
retain the present local th ry and, instead, we m:i.y 
try to give a further new in erpretation to the poten-

, ! 
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tials. In otber words, we are led to regard A~(x) as a 
physical n..riable. This means tbat we must be able to 
define the physical difference between two quantum 
states which differ only by gauge transformation. It ~\'ill 
be shmrn in a future paper that in a system containing 
an undefined number of charged particles (i.e., a super
position of states of different total charge), a nc\\" 
Hermitian operator, essentially an angle variable, can 
be introduced, \\'hich is conjugate to the charge density 
and \\·hich may gin a meaning to the gauge. Such 
states have actually b<:cn used in connection ll'ilh 

\ 

recent theories of superconducti\ity a'nd superfluidity 12 

and we shall show their relation to this problem in more 
detail. 
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